EEEEEEEEE
NNNNNNNN
AAAAAAAAAA

LLNL-TR-673244

BUILDING 341 Seismic
Evaluation

J. Halle

June 15, 2015



Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product
endorsement purposes.

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore
National Laboratory under Contract DE-AC52-07NA27344.
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1.0 Introduction
Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

Executive Summary

The Seismic Evaluation of Building 341 located at Lawrence Livermore National Laboratory in
Livermore, California has been completed. The subject building consists of a main building,
Increment 1, and two smaller additions; Increments 2 and 3.

Increment 1, constructed in 1963, is a one-story steel framed structure with a partial mezzanine,
concrete shear walls and exterior precast concrete panels. The building is rectangular in plan
with plan dimensions of approximately 180 feet in the North-South direction and 140 feet in the
East-West direction. Overall building height varies between 22 feet at the low roof and 32 feet at
the high roof.

Increment 2, constructed in 1973, is a one-story steel framed building with exterior precast
concrete tilt-up panels. Increment 2 is located on the West elevation of Increment 1 and the east
wall of Increment 2 is created by the West wall of Increment 1. There is a two-inch separation
between the two structures. The building is rectangular in plan with overall dimensions of 102
feet in the North-South direction and 25 feet in the East-West direction. Building height is
approximately 20 feet.

Increment 3, constructed in 1975, is a one-story concrete and wood framed structure. Increment
3 is located on the North elevation of Increment 1 and the south wall of Increment 3 is created by
the North wall of Increment 1. Furthermore, a portion of the Increment 3 roof is supported
directly by the precast panels on the North elevation of Increment 1. The building is rectangular
in plan with overall dimensions of 39 feet in the North-South direction and 76 feet in the East-
West direction. Building height is approximately 12 feet.

Tier 1 seismic evaluations of Increments 2 and 3 and a Tier 3 seismic evaluation of Increment 1
were conducted in accordance with ASCE 41-13, with a seismic performance goal of Life
Safety, which is in agreement with Performance Category 1 (PC-1) as defined in Department of
Energy Standard 1021-1993.

Based on our evaluation the building does not meet a Life Safety performance level for the BSE-
1E earthquake ground shaking hazard. The BSE-1E is the recommended seismic hazard level
for evaluation of existing structures and is based on a 20% probability of exceedence in 50 years.

Our evaluation identified the following key deficiencies:
Increment 1

e Precast panel to panel connection on lines 4, A and K along the vertical joint are
overstressed.

e The roof diaphragm at the high roof along lines E and K is overstressed in shear.

e There is a lack of a collector connection between the low roof framing and the concrete
shear walls on lines C and E. There are significant loads that need to be dragged to these
walls, yet there is no direct connection.

A Degenkolb Engineers 1 Detailed Seismic Evaluation
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1.0 Introduction
Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

e There is a lack of a collector connection between the low roof/mechanical roof framing
south of line E and the concrete shear wall on line 2.

e The horizontal double angle diaphragm bracing connections are overstressed at lines 2/A
and 2/K.

Increment 2

e The braced frames located on the East and West sides of Increment 2 do not have the
capacity to develop the yield strength of the braces.

e The gap between Increments 1 and 2 is only 2-inches, which will result in damage due to
pounding.

e In addition to relatively small gap between the two structures, the expected lateral drift in
the east-west direction exceeds the acceptable limit of 2.5%.

e The moment frame beam-column connections do not have adequate capacity to develop
flexural yielding of the beams.

Based on the deficiencies listed above, we recommend that the following seismic strengthening
measures be implemented to achieve a Life Safety performance level:

1. Increment 1

a. Add collector connections between the existing low roof steel beam and the
concrete shear walls on lines C and E.

b. Strengthen the beam-column connections along line 2 at the low roof to transfer
the collector demands to the concrete shear wall on line 2.

c. Strengthen the beam-column connections along lines C and E at the low roof to
transfer the collector demands to the concrete shear walls on lines C and E.

d. Strengthen precast panel to panel connections along vertical joints at lines 4, A
and K.

e. Strengthen double angle horizontal bracing connections at grid lines 2/A and 2/K
by adding welds to the existing connections.

f. Strengthen the high roof diaphragm between lines E and K.
2. Increment 2

a. Strengthen the braced frame connections on the east and west sides of the
building to develop the capacity of the diagonal braces.

A Degenkolb Engineers 2 Detailed Seismic Evaluation
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1.0 Introduction
Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

1.0 Introduction

This report presents the results of the Tier 1 and Tier 3 Seismic Evaluations of Building 341
located at Lawrence Livermore National Laboratory in Livermore, California. Building 341
consists of three separate structures; a main building (Increment 1) and two small additions
(Increments 2 and 3). As outlined in our proposal we performed Tier 1 evaluations on the small
additions and a detailed Tier 3 evaluation on the main structure.

The seismic evaluations were performed in accordance with ASCE 41-13 Seismic Evaluation
and Retrofit of Existing Buildings. Our evaluations only included the main building structures.
We did not evaluate the nonstructural systems or any non-building structures located within the
buildings. As requested by Lawrence Livermore National Laboratory the desired performance
level is Performance Category 1 (PC-1) as defined in Department of Energy Standard 1021-
1993, which corresponds to Life Safety performance (S-3) in accordance with ASCE 41-13.

Our evaluation was based upon the original structural design drawings prepared by the following
parties:
e Increment 1: Structural drawings prepared by Garretson, EImendorf, Klein and Reibin,
Architects and Engineers, dated February 18, 1963.

e Increment 2: Architectural and Structural drawings prepared by University of California
Lawrence Radiation Laboratory Plant Engineering, dated April 5, 1973.

e Increment 3: Architectural and Structural drawings prepared by Garretson, EImendorf,
Zinov and Reibin, Architects and Engineers, dated October 29, 1975.

Material properties for Increment 1 were based on a previous seismic evaluation report
“Preliminary Seismic Evaluation for B-341”, dated December 4, 1984,

A site visit was performed on November 6, 2013 to review the existing condition of the building
and confirm that the available documents accurately represent the as-built structure. Based on
our site visit we were able to confirm that the majority of the lateral load resisting system was
built as shown on the original construction drawings.

A Degenkolb Engineers 3 Detailed Seismic Evaluation
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2.0 Seismicity and Soils
Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

2.0 Seismicity and Soils

The building site is located near the center of the Lawrence Livermore National Laboratory
Campus on the north side of Third Street west of South Gate Drive, as shown in Figure 1. The
building site is level, as is the majority of the campus. According to the USGS Quaternary Fault
Maps the Greenville Fault is located approximately 3 km to the north east of the campus and the

Las Positas Fault is located approximately 1 km to the south. Both of these faults are capable of
generating strong ground shaking at the building.
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Figure 1 — Lawrence Livermore National Laboratory Vicinity Map

Several soil boring logs were included on the Increment 1 drawings. The soil boring logs
indicate fairly stiff soil, with blow counts of 20 to 30 blows/foot over the top 12 feet and greater

than 50 blows/foot below a depth of 12 feet. Based on the soil boring data we have assumed a
site class D in accordance with ASCE 41-13.
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2.0 Seismicity and Soils

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

In accordance with the procedures in ASCE 41-13 and after consultation with the Lab, we have
used the BSE-1E earthquake as the seismic hazard level for our evaluation of the structures. The
BSE-1E corresponds to a uniform hazard spectrum with a 20% probability of exceedence in 50
years. We obtained seismic hazard values from the United States Geological Survey’s (USGS)
online web application and modified them for Site Class D. The following values were used to
construct the General Response spectrum in accordance with ASCE 41-13:

o Sxs=098¢
L] Sx1 =0.52 g

As a point of comparison DOE Standard 1020-2002 references the 2000 International Building
Code (IBC) for seismic hazard level for PC-1 and DOE Standard 1020-2012 references ASCE 7-
10 for seismic hazard level for PC-1. Based on data from USGS, the following seismic design
values were obtained for IBC 2000 and ASCE 7-10, both of which are based on a hazard equal to
two-thirds of the Maximum Considered Earthquake:

1. 1BC 2000
a. Sps=1.11 g
b. SlS =0.62 g
2. ASCE 7-10
a. Sps=1.33g
b. Sp1=0.76 g

Figure 2 shows a comparison of all three response spectrum derived from the seismic hazard
values.
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Figure 2 — Comparison of Response Spectrum
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3.0 Building Description

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

3.0 Building Description

Building 341, originally named the Pulsed Energy Research Building, was constructed in three
phases. The main building, Increment 1, was constructed in approximately 1963. Two additions
were later made to the building; Increment 2, in approximately 1973 and Increment 3 in
approximately 1975. Increment 1 is a one-story structure with high roof and low roof areas.
There is a partial mezzanine in one half of the high roof area. Increment 2, which is an
independent structure, is one-story in height and is located on the west side of Increment 1.
Increment 3 is a one-story structure located on the North side of Increment 1. Increment 3 has
its own lateral force resisting system, but is structurally connected to the North wall of Increment
1.

A key plan of the building, which identifies all three increments, is shown in Figure 3.

— T
10084 (M)
e :fﬂ\
o7 tois(L) 1008 1005 5
— | ! T © @ ©
1033 1027 O
o @ i 10154 5
= ? ;/ //4/
— 1000 CORR:
,7 1 1019 /g (':) % @ %///// .I”ED.]
o access () B2 smam / / ) =
1302 =1 | LADDER ) /85/ hes / / = -l
30 & OCKED siis
L 27 4 N R [|7/ (5 c{;p}’% L
Increment 3: / / /}” — — Z 1006 1002
441975 / e R @ 11124 (0) J &y 7=
2 & )
1204 % / 2 1004
v 2% ::c Py 1119 by s |nor
oy A e (A
27 - ®© 1z I\D « 110l
1310 1 =
rj:} ) i3 >
~ e STAIRZ
© > oot s D0,
///’ (11002 /(_@u 1100.7 (M) 7 (L1100 7, s ©
T ,// Z % J
1308 ,—/ ) TSRS yism o - B
) & — PN Increment 1: 1106 (1)
\-LJ 8 v I— 120 1963 g
7 GT\_ % ﬁ EEEEE 1}?—&:] '@'
= 73 ¥ et 116
L .=|?/ ar E3
w Py = 11184
S5 11288 Q/‘ 122 ;,3‘/
E5 1134 I ) ACCESS (M)
1 L 11260 i pE—
e i @) (L) 11200 i
i -
1200
e - Increment 2:
© ©
y
2 N <=m
Figure 3 — Building 341 Key Plan
A Degenkolb Engineers 6 Detailed Seismic Evaluation

December 20, 2013

P:\project.B03\189\B3189012.00\Reports\Final Report\131220rpt LLNL B341 Seismic Evaluation Final Report.doc



3.0 Building Description

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

3.1 Building Structure

3.1.1 Increment 1

Increment 1 is a one-story steel and concrete building with a partial mezzanine and exterior
precast concrete tilt-up panels. The building is rectangular in plan with overall dimensions of
180 feet in the North-South direction and 140 feet in the East-West direction. A 3D image of the
building structure is shown in Figure 4.

Figure 4 — 3D Image of Increment 1
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3.0

Building Description

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

The original foundation plan is shown in Figure 5.
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Figure 5 — Increment 1 Foundation Plan

The building consists of a high roof and low roof area. Building height at the high roof areas is
approximately 32 feet and building height at the low roof areas is approximately 22 feet. The
high roof area has a width of approximately 67 feet in the East-West direction, a portion of
which extends over a mechanical room located on the low roof. Figure 6 shows an East-West
cross-section through the building, where the step in roof elevation can be seen.
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3.0 Building Description

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory
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Figure 6 — Increment 1 East-West Cross-Section

There is a partial mezzanine located in the southern half of the high roof area, between grid lines
E to Kand 1 to 2. The mezzanine has plan dimensions of the 100 feet in the North-South
direction and 50 feet in the East-West direction and a finished floor elevation of 13 feet.

At the low roof there is a mechanical room, which extends between grid lines B to J and 2 to 2a.
The mechanical room has plan dimensions of approximately 140 feet in the North-South
direction and 17 feet in the East-West direction. The southwest corner of the mechanical roof is
shown in Figure 7.
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Figure 7 — Southwest Corner of Mechanical Room
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3.0 Building Description

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

Gravity Load System

Increment 1’s main gravity load resisting system consists of 18 gauge metal deck, supported by
wide flange steel beams, girders and columns. At the mezzanine, gravity loads are supported by
a reinforced concrete slab, which spans between either steel wide flange beams, girders and
columns or reinforced concrete beams and walls. At the mechanical room, the gravity load
resisting system consists of a reinforced concrete slab, which spans between steel wide flange
beams, girders and columns. Foundations consist of spread footings beneath columns and strip
footings beneath cast-in-place concrete walls. The precast concrete panels span between the
building columns and are supported by the spread footings located at building columns.

Lateral Force Resisting System

The lateral force resisting system consists of both precast and cast-in-place reinforced concrete
shear walls. The precast walls are located at the exterior of the building. The cast-in-place walls
are located in the high roof area on lines C, E and 2 and below the mezzanine in both the East-
West and North-South directions. The precast walls are six inches thick and the cast-in-place
walls are 8 inches thick.

At the exterior of the building and at the cast-in-place concrete walls at the high roof area, lateral
loads are delivered to the shear walls by an 18 gauge metal deck, which is puddle welded to the
supporting steel beams. In addition to the metal deck diaphragm, horizontal double angle
bracing was also provided in the plane of the low and high roof levels, which also deliver loads
to the shear walls. The double angle bracing at the low roof level can be seen in Figure 8. At the
mezzanine and mechanical room, lateral loads are delivered to the shear walls by the reinforced
concrete slab. Horizontal shear loads from the precast panels are delivered to the soil by dowels
into the building slab-on-grade and overturning forces are delivered to the building columns and
their supporting spread footings by welded concrete inserts between the panels and columns.

A Degenkolb Engineers 10 Detailed Seismic Evaluation
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3.0 Building Description

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory
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Figure 8 — Increment 1 Low Roof Framing Plan

3.1.2 Increment 2

Increment 2 is a one-story steel framed building with exterior precast concrete tilt-up panels.
Increment 2 is located on the West elevation of Increment 1 and the east wall of Increment 2 is
created by the West wall of Increment 1. The building is rectangular in plan with overall
dimensions of 102 feet in the North-South direction and 25 feet in the East-West direction.
Building height is approximately 20 feet. The original roof framing plan is shown in Figure 9.
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3.0 Building Description

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

Gravity Load System

Increment 2’s gravity load resisting system consists of metal deck, supported by wide flange
steel beams, girders and columns. Columns are supported by spread footings along the west side
of the building and by a strip footing adjacent to Increment 1.

Lateral Force Resisting System

Lateral loads are resisted by several different systems. In the East-West and North-South
directions the exterior precast panels are directly attached to the roof diaphragm and will
therefore participate in resisting lateral loads. In addition to the precast panels, in the East-West
direction it appears that there is a steel moment frame on every column line and in the North-
South direction there are two tension only steel braced frames on each line as shown in Figure
10. Lateral loads are delivered to the vertical lateral force resting elements by the metal deck
diaphragm.

-

Figure 10 — Increment 2 Tension Only Bracing

3.1.3 Increment 3

Increment 3 is a one-story concrete and wood framed structure. Increment 3 is located on the
North elevation of Increment 1 and the south wall of Increment 3 is created by the North wall of
Increment 1. Furthermore, a portion of the Increment 3 roof is supported directly by the precast
panels on the North elevation of Increment 1.
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3.0 Building Description

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

The building is rectangular in plan with overall dimensions of 39 feet in the North-South
direction and 76 feet in the East-West direction. Building height is approximately 12 feet. The
original roof framing plan is shown in Figure 11.
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Figure 11 — Increment 3 Roof Framing Plan

Gravity Load System

Increment 3 consists of a concrete core, where gravity loads are supported by a reinforced
concrete slab and walls. Around three sides of the concrete core is a wood framed structure,
where loads are gravity loads are supported by wood joists, which span between the concrete
core and exterior wood framed stud walls, except on the south side, where the joists span to the
exterior wall of Increment 1. The concrete and wood stud walls are supported on continuous
strip footings.

Lateral Force Resisting System

Lateral loads are resisted by reinforced concrete walls located at the central concrete core
structure. Lateral loads are delivered to the concrete walls by a reinforced concrete slab as well
as a plywood panel diaphragm located on three sides of the concrete core.
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3.0 Building Description

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

3.2 Condition Assessment

The buildings were constructed between approximately 1963 and 1975 with what appears to be a
typical level of construction quality for the time period. During our site visit we did not observe
any significant signs of deterioration. We did observe a small amount of concrete spalling at
several of the precast panel connections on the east wall of Increment 1. In general, the
buildings appear to be in good physical condition and have been well maintained.
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4.0 Seismic Evaluations of Increments 2 and 3
Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

4.0 Seismic Evaluations of Increments 2 and 3

As described in our proposal we performed Tier 1 Seismic Evaluations of Increments 2 and 3 in
accordance with ASCE 41-13. Tier 1 Evaluations consist of completing a series of checklists
and simple “quick check” calculations of the lateral force resisting system. In agreement with
PC-1 the selected seismic performance level for the evaluations was Life Safety (S-3) in
accordance with ASCE 41-13.

We have assumed, that where cranes are present within the buildings, that they will be parked at
the end of the rails and that catches are provided to ensure that the cranes will remain properly
seated on the rails during a seismic event.

41 Increment 2

Given that there are three systems that contribute to resisting lateral forces in Increment 2, in
addition to the Life Safety Basic Configuration Checklist, checklists for the following systems
were completed:

o Steel Moment Frames with Stiff or Flexible Diaphragms (S1/S1A)
o Steel Braced Frames with Stiff or Flexible Diaphragms (S2/S2A)
e Precast/Tilt-up Concrete Shear Walls Stiff or Flexible Diaphragms (PC1/PC1A)

Completed checklists as well as accompanying structural calculations are contained in Appendix
B.

Based on the checklists and associated calculations, the following deficiencies were identified:

e Adjacent Buildings. There is only a 2-inch gap between the columns of Increment 2 and
the exterior wall of Increment 1. It is likely that pounding will occur at this location,
causing damage to the wall of Increment 1 and to the steel framing of Increment 2.
Given the relatively low weight of Increment 2 and the relatively long length over which
contact will occur, we do not believe the pounding damage will lead to a collapse, and
therefore is not a life-safety concern.

e Torsion. Due to the long line of precast panels on the west side of the building and the
lack of panels on the east side of the building there is a large eccentricity between the
center of mass and the center of rigidity. However, given that the roof is a flexible
diaphragm, this is not a life-safety concern.

e Moment Frame Beam-Column Connections. The drawings do not provide details of the
beam-column moment connections. However, based on visual observation of the
connections and an evaluation of the connections demands based on the capacity of the
panel zones it appears that there is likely adequate strength. The system is also expected
to undergo limited inelastic action, therefore we do not believe this is a life-safety
concern.
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4.0

Seismic Evaluations of Increments 2 and 3

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

4.2

Moment Frame Panel Zones. Column panel zones do not have the shear capacity to resist
the shear demand required to develop 80% of the flexural strength of the beams.
However, given the low moment frame bending demand-capacity ratio from the quick
check and the presence of the diaphragm and concrete shear walls located at the ends of
the building, we do not believe this is a life-safety concern. Furthermore, a quick Tier 2
check reveals that the panel zones have adequate strength when evaluated for the actual
shear demand and the appropriate m-factor.

Moment Frame Drift Check. The lateral drift of the moment frames calculated using the
quick check procedure and a 2-dimensional ETABS model is 5.4%, which exceeds the
acceptable limit of 2.5%. Other than local damage associated with pounding at the
exterior wall of Increment 1, we do not believe this is a life-safety concern.

Transfer to Steel Frames. The original construction documents do not indicate the type
and frequency of attachment between the metal deck and the moment frames. However,
given that every transverse column line is a moment frame and the concrete panels are
directly connected to the columns and beams, there is very little demand on the
diaphragm, therefore, we do not believe this is a life-safety concern. In addition, there is
probably some nominal connection between the deck and beams.

Moment Frame Redundancy. The number of bays per moment frame line is less than 2.
However, given that every transverse line is a moment frame the building has significant
redundancy, therefore we do not believe this is a life-safety concern.

Moment Frame — Interfering Walls. The precast panels on the North and South sides of
the building are in the same plane as the moment frames and will resist lateral loads. Per
the precast panel quick check, the panels have adequate capacity to resist the lateral loads
they are subjected to, therefore, this is not a life-safety concern.

Braced Frame Connection Strength. The brace connections do not develop the yield
capacity of the diagonal braces.

Braced Frame Joints. The diagonal braces do not frame into the beam-column joints
concentrically. There is an eccentricity in the connections at each end of the braces.

Increment 3

In addition to the Life Safety Basic Configuration Checklist the checklist for Concrete Shear
Walls with Stiff or Flexible Diaphragms (C2/C2A) was completed.

Completed checklists as well as accompanying structural calculations are contained in Appendix

C.

Based on the checklists and associated calculations, the following deficiency was identified:
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4.0 Seismic Evaluations of Increments 2 and 3
Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

e Adjacent Buildings. The south side of the wood framed roof of Increment 3 is directly
supported by the exterior precast concrete panels on the North elevation of Increment 1.
This could lead to some damage to the roof structure of Increment 3 due to differential
movement between the two structures. We do not believe this is a life-safety concern
given the relatively stiff lateral force resisting systems present in both structures.
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5.0 Seismic Evaluation of Increment 1
Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

5.0 Seismic Evaluation of Increment 1

Increment 1 was evaluated in accordance with ASCE 41-13 using a Tier 3 procedure. A Tier 3
evaluation consists of a detailed analysis of the building structure using a 3-dimensional model
and involves a complete check of the lateral load resisting system and its elements. In agreement
with PC-1 the selected seismic performance level for the evaluation was Life Safety (S-3) in
accordance with ASCE 41-13.

Detailed structural calculations that were performed for the Tier 3 evaluation are included in
Appendix D.

5.1 Summary of Tier 3 Seismic Evaluation

The building was analyzed and evaluated in accordance with ASCE 41-13 Tier 3 using a linear
dynamic procedure. A three-dimensional model of the building was created in SAP2000. A 3D
perspective view of the model is shown in Figure 12. The concrete shear walls, concrete slabs
and steel roof diaphragm were explicitly modeled using shell elements. The double angle
bracing and beams and columns, where needed, were modeled using beam-column elements.
The stiffness of the shell elements was modified to account for cracking based on the
recommendations in ASCE 41. Material properties were based upon the structural drawings as
well as the preliminary evaluation document contained in Appendix A.

Figure 12 — 3D Perspective View of Analysis Model
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5.0 Seismic Evaluation of Increment 1
Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

Self-weight of the concrete walls and slabs was directly used for assembling the model mass. A
distributed area mass was applied to the roof diaphragms based on a separate weight takeoff.
The model was analyzed using the General Response Spectrum developed for the BSE-1E
earthquake following the procedure in Section 2.4.1.7 of ASCE 41. The General Response
Spectrum is shown in Figure 13.
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Figure 13 — ASCE 41-13 General Response Spectrum

Modal damping of 5% was used in the analysis. Forty modes were used in the analysis to
achieve a total of 95% mass participation in each of the principal horizontal axes.

Based on the analysis model, the fundamental period of the fixed based structure is
approximately 0.29 seconds in the transverse (East-West) direction and 0.21 seconds in the
longitudinal (North-South) direction.

Per the requirements of ASCE 41-13, the demands from the model on deformation controlled
(ductile) elements were further increased by the product of the factors C; and C,, which was
taken from Table 7-3, and is equal to 1.4. This was accomplished by scaling the general
response spectrum up by this value. The model demands on deformation controlled elements
were then reduced by the appropriate m-factor per ASCE 41-13. The demands on force
controlled (brittle) elements taken from the model were reduced by the product of the factors C,
and C, per ASCE 41-13.

We have assumed, that where cranes are present within the building, that they will be parked at
the end of the rails and that catches are provided to ensure that the cranes will remain properly
seated on the rails during a seismic event.

5.2 Results of Tier 3 Seismic Evaluation
Based on the Tier 3 seismic evaluation of Increment 1 the building does not meet a Life Safety

performance level for the BSE-1E earthquake ground shaking hazard. The evaluation has
resulted in the identification of the following deficiencies.
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5.0 Seismic Evaluation of Increment 1
Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

e Precast panel to panel connection along the vertical joint are overstressed as they attempt
to transfer shear forces between adjacent panels. The demand on the vertical panel
connections results from the panels attempting to act as a single reinforced concrete shear
wall. The connections are overstressed on Lines 4, A and K.

e The roof diaphragm at the high roof along lines E and K is overstressed in shear.

e There is a lack of a collector connection between the low roof framing and the concrete
shear walls on lines C and E. There are significant loads that need to be dragged to these
walls, yet there is no direct connection.

e There is a lack of a collector connection between the low roof/mechanical roof framing
and the concrete shear wall on line 2. There is adequate connection between the concrete
slab at the mechanical roof and the concrete wall; however, there is inadequate
connections between the beams south of the shear wall that drag the loads to the wall.

e The horizontal double angle diaphragm bracing connections are overstressed at lines 2/A
and 2/K. These angles serve to transfer some of the diaphragm forces to the perimeter
precast walls. The angles have adequate axial capacity; however, the connections are
inadequate.

e When evaluated as force controlled using lower bound material properties, some of the
precast concrete walls have inadequate strength to span out-of-plane to supporting
elements, such as steel wide flange strong backs or the roof beam. However, when
expected material properties are used, the panels have adequate strength. Therefore we
do not believe this item is a life-safety concern.

e The precast panel strong back at grid line A/la, which is also a building column, is
slightly overstressed in bending when subjected to out-of-plane wall loading. However,
given the flexural yielding is a ductile mechanism, we do not believe this is a life-safety
concern.
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6.0

Seismic Strengthening

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

6.0

Seismic Strengthening

Based on the results of the Tier 1 and Tier 3 seismic evaluations of Building 341, the building
does not meet the Life Safety performance level for the BSE-1E earthquake ground shaking
hazard. Several deficiencies were identified that require mitigation in order to achieve a Life
Safety performance level. The following is a list of seismic strengthening measures, in order of
importance, that we recommend be implemented to achieve a Life Safety performance level:

Increment 1

1.

Add collector connections between the existing low roof steel beam and the concrete
shear walls at lines 2/C and 2/E as shown in Figure 14, Figure 15 and Figure 16.

Strengthen the beam-column connections along line 2 at the low roof to transfer the
collector demands to the concrete shear wall on line 2 as shown in Figure 14 and Figure
17.

Strengthen the beam-column connections at lines 3/C and 3/E at the low roof to transfer
the collector demands to the concrete shear walls on lines C and E as shown in Figure 18.

Strengthen precast panel to panel connections along vertical joints at lines 4, A and K as
shown in Figure 19 (interior of building) or Figure 20 (exterior of building).

Strengthen double angle horizontal bracing connections at grid lines 2/A and 2/K by
adding welds to the existing connections as shown in Figure 21.

Strengthen the high roof diaphragm between lines E and K by adding new horizontal
bracing as shown in Figure 22.
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Figure 14 — Low Roof Framing Plan with Seismic Strengthening
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Figure 22 — Partial High Roof Framing Plan - Horizontal Bracing

Increment 2

1. Strengthen the brace connections on the east and west sides of the building to develop the
capacity of the diagonal braces. This involves removing the existing gusset plates and
replacing with new gusset plates and at the column base, extending the base plate.
Strengthening is shown in Figure 23, Figure 24 and Figure 25.
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Appendix A: Increment 2 Tier 1 Check Lists and Calculations
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A.‘_ Degenkolb

DEGENKOLB ENGINEERS

Building Name: 341, Increment Ii . Date: November 13, 2013
Building Address: Lawrence Livermore National Laboratory Page: __ 1 of 2
Job Number: B3189012.00 | Job Name: LLNL B341 Seismic Evaluation ’ By: _AMN  Checked:
C NCNA U Comments
LOW SEISMICITY
BUILDING SYSTEM

X 0O [0 [ LOAD PATH: The structure shall contain a complete, well-defined load path,
including structural elements and connections, that serves to transfer the inertial
forces associated with the mass of all elements of the building to the foundation.
(Commentary: Sec. A.2.1.1. Tier 2: Sec. 5.4.1.1)

O K O [ ADJACENTBUILDINGS: The clear distance between the building being There is only a 2” gap between
evaluated and any adjacent building is greater than 4 percent of the height of columns of Increment Il and the
the shorter building. This statement shall not apply to the following building exterior wall panels of Increment I.

types: W1, W1A, and W2. (Commentary: Sec. A.2.1.2. Tier 2: Sec. 5.4.1.2) There will be limited damage due to
) pounding, however, we do not

believe this is a life-safety concern.

O O K [O MEZZANINES: Interior mezzanine levels are braced independently from the
main structure, or are anchored to the seismic-force-resisting elements of the
main structure. (Commentary: Sec. A.2.1.3. Tier 2: Sec. 5.4.1.3)

BUILDING CONFIGURATION

O O &K [ WEAKSTORY: The sum ofthe shear strengths of the seismic-force-resisting
system in any story in each direction is not less than 80% of the strength in the
adjacent story above. (Commentary: Sec. A.2.2.2. Tier 2: Sec. 5.4.2.1)

O O X [O SOFTSTORY: The stiffness of the seismic-force-resisting system in any story
is not less than 70% of the seismic-force-resisting system stiffness in an
adjacent story above or less than 80% of the average seismic-force-resisting
system stiffness of the three stories above.

(Commentary: Sec. A.2.2.3. Tier 2: Sec. 5.4.2.2)

X O O [O VERTICALIRREGULARITIES: All vertical elements in the seismic-force-
resisting system are continuous to the foundation.
(Commentary: Sec. A.2.2.4. Tier 2: Sec. 5.4.2.3)

X [0 O O GEOMETRY: There are no changes in the net horizontal dimension of the
seismic-force-resisting system of more than 30% in a story relative to adjacent
stories, excluding one-story penthouses and mezzanines.

(Commentary: Sec. A.2.2.5. Tier 2: Sec. 5.4.2.4)

O O & [ MASS: Thereis no change in effective mass more than 50% from one story to
the next. Light roofs, penthouses and mezzanines need not be considered.
(Commentary: Sec. A.2.2.6. Tier 2: Sec. 5.4.2.5)

O K [ [O TORSION: The estimated distance between the story center of mass and the Exterior wall panels on west facade
story center of rigidity is less than 20% of the building width in either plan ' will create torsion in long direction,
dimension. (Commentary: Sec. A.2.2.7. Tier 2: Sec. 5.4.2.6) - however, given flexible diaphragm

this is not a life safety concern.
MODERATE SEISMICITY (Complete the following items in addition to the items for Low Seismicity)

GEOLOGIC SITE HAZARDS

X [0 [ [0 LIQUEFACTION: Liguefaction-susceptible, saturated, loose granular soils that
could jeopardize the building’s seismic performance shall not exist in the
foundation soils at depths within 50 feet under the building.

(Commentary: Sec. A.6.1.1)
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DEGENKOLB ENGINEERS

Building Name: 341, Increment I Date: November 13, 2013
Building Address: Lawrence Livermore National Laboratory Page: 2 of 2
Job Number: B3189012.00 Job Name: LLNL B341 Seismic Evaluation By: _AMN Checked:

ASCE 41-13 Life Safety Basic Configuration Checklist
C NC NA U Comments

(O O X [d SLOPE FAILURE: The building site is sufficiently remote from potential
earthquake-induced siope failures or rockfalls to be unaffected by such failures
or is capable of accommodating any predicted movements without failure.
(Commentary: Sec. A.6.1.2)

X [0 O 0[O SURFACE FAULT RUPTURE: Surface fault rupture and surface

displacement at the building site is not anticipated.
(Commentary: Sec. A.6.1.3)

HIGH SEISMICITY (Complete the following items in addition to the items for Low and Moderate Seismicity)

FOUNDATION CONFIGURATION

X 0O [0 [0 OVERTURNING: The ratio of the least horizontal dimension of the seismic- 2019’ =1.05 > 0.60.98 =
force-resisting system-at the foundation level to the building height (base/height) 0.59
is greater than 0.6S,. (Commentary: Sec. A.6.2.1 Tier 2: Sec. 5.4.3.3)

O O K O TIESBETWEEN FOUNDATION ELEMENTS: The foundation has ties Foundation tied by slab-on-
adequate to resist seismic forces where footings, piles, and piers are not grade.
restrained by beams, slabs, or soils classified as Site Class A, B, or C.
(Commentary: Sec. A.6.2.2. Tier 2: Sec. 5.4.3.4)

P:\project.B03\189\B3189012.00\Reports\increment 2\Tier 1 Checklists\ASCE 41-13 Basic LS Checklist.docx
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Building Name: 341, Increment Il : Date: November 13, 2013
Building Address: Lawrence Livermore National Laboratory ‘ Page: 1 of 3
Job Number: B3189012.00 Job Name: LLNL B341 Seismic Evaluation By: _AMN  Checked:

ASCE 41-13 S1/ S1A Life Safety Structural Checklist:

Steel Moment Frames with Stiff or Flexible Diaphragms
C NCNA U Comments

LOW SEISMICITY

Seismic-Force-Resisting System

O & O [0 DRIFT CHECK: The drift ratio of the steel moment frames, calculated using the
Quick Check procedure of Section 4.5.3.1, is less than 0.025. (Commentary: Sec.
A.3.1.3.1. Tier 2: Sec. 5.5.2.1.2)

X [ O [O AXIALSTRESS CHECK: The axial stress due to gravity loads in columns
subjected to overturning forces is less than 0.10F,. Alternatively, the axial stress
due to overturning forces alone, calculated using the Quick Check procedure of
Section 4.5.3.6, is less than 0.30F,. (Commentary: Sec. A.3.1.3.2. Tier 2: Sec.
5.5.2.1.3)

X' O [O [O FLEXURAL STRESS CHECK: The average flexural stress in the moment frame
columns and beams, calculated using the Quick Check procedure of Section
4.5.3.9 is less than F,. Columns need not be checked if the Strong Column/Weak
beam checklist item is Compliant. (Commentary: Sec. A.3.1.3.3. Tier 2: Sec.

5.5.2.1.5)
Connections

O O O X TRANSFER TO STEEL FRAMES: Diaphragms are connected for transfer of Given that every column line is a
seismic forces to the steel frames. (Commentary: Sec. A.5.2.2. Tier 2: Sec. 5.7.1) moment frame and the majority of

the building weight is in the
concrete panels, which are directly
connected to the beams and
columns, there is very little demand
on the diaphragm, therefore, we do
not believe this is a life-safety
concern.

K 0O [O [O STEEL COLUMNS: The columns in seismic-force-resisting frames are anchored
to the building foundation. (Commentary: Sec. A.5.3.1. Tier 2: Sec. 5.7.3.1)

MODERATE SEISMICITY (Complete the following items in addition to the items for Low Seismicity)

Seismic-Force-Resisting System

O K O [ REDUNDANCY: The number of lines of moment frames in each principal directionis ~ Given that every column line is a

greater than or equal to 2. The number of bays of moment frames in each line is moment frame, there is significant
greater than or equal to 2. (Commentary: Sec. A.3.1.1.1. Tier 2: Sec. 5.5.1.1) redundancy in the structure,
therefore, this is not a life-safety
concern.
O X [1 [ INTERFERING WALLS: All concrete and masonry infill walls placed in moment The concrete paneis that are in line
frames are isolated from structural elements. (Commentary: Sec. A.3.1.2.1. Tier2: ~ with the concrete moment frames
Sec. 5.5.2.1.1) at the end bays have adequate

strength to resist the applied
lateral loads, therefore this is not a
life-safety issue.

O 0O 0O X MOMENT-RESISTING CONNECTIONS: All moment connections are able to develop See comment on next page.
the strength of the adjoining members based on the specified minimum yield stress of
steel. (Commentary: Sec. A.3.1.3.4. Tier 2: Sec. 5.5.2.2.1). Note more restrictive
requirements for High Seismicity.
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Building Name: 341, Increment Il Date: November 13, 2013
Building Address: Lawrence Livermore National Laboratory Page: 2 of 3
Job Number: B3189012.00 Job Name: LLNL B341 Seismic Evaluation By: _AMN  Checked:

ASCE 41-13 S1/ S1A Life Safety Structural Checklist:
| Steel Moment Frames with Stiff or Flexible Diaphragms
C NCNA U ' Comments

HIGH SEISMICITY (Complete the following items in addition to the items for Low and Moderate Seismicity)

Seismic-Force-Resisting System

O O O X MOMENT-RESISTING CONNECTIONS: All moment connections are able to ~ The actual flexural demand on the
develop the strength of the adjoining members or panel zones based on 110 beam-column connections based on
percent of the expected yield stress of the steel per AISC 341 Section A3.2. the column panel zone capacity is
(Commentary: Sec. A.3.1.3.4. Tier 2: Sec. 5.5.2.2.1) approximately 60% of the beam

capacity. Based on visual

observation of the connections it
appears there is adequate strength
to develop the panel zone capacity.

O K O [O PANELZONES: All panel Zones have the shear capacity to resist the shear Using the Tier 3 m-factor and the
demand required to develop 0.8 times the sum of the flexural strengths of the actual shear demand, the panel
girders framing in at the face of the column. (Commentary: Sec. A.3.1.3.5. Tier Zone has adequate strength.

2: Sec. 5.5.2.2.2)

[0 O X [0 COLUMN SPLICES: All column splice details located in moment-resisting frames
include connection of both flanges and the web. (Commentary: Sec. A.3.1.3.6.
Tier 2: Sec. 5.5.2.2.3)

K O O O STRONG COLUMN/WEAK BEAM: The percentage of strong column / weak
beam joints in each story of each line of moment frames is greater than 50
percent. (Commentary: Sec. A.3.1.3.7. Tier 2: Sec. 5.5.2.1.5)

X 0O O @O COMPACTMEMBERS: All frame elements meet section requirements set forth
by AISC 341 Table D1.1 for moderately ductile members. (Commentary: Sec.
A.3.1.3.8. Tier 2;: Sec. 5.5.2.2.4)

Diaphragms (Stiff or Flexible)

O O X [0 OPENINGS AT FRAMES: Diaphragm openings immediately adjacent to the
moment frames extend less than 25 percent of the total frame length.
(Commentary: Sec. A.4.1.5. Tier 2: Sec. 5.6.1.3)

Flexible Diaphragms

X O O [O CROSS TIES: There are continuous cross ties between diaphragm chords.
(Commentary: Sec. A.4.1.2. Tier 2: Sec. 5.6.1.2)

O O X [0 STRAIGHT SHEATHING: All straight sheathed diaphragms have aspect ratios
less than 2-to-1 in the direction being considered. (Commentary: Sec. A.4.2.1.
Tier 2: Sec. 5.6.2)

[0 O K [O SPANS:Allwood diaphragms with spans greater than 24 feet consist of wood
structural panels or diagonal sheathing. (Commentary: Sec. A.4.2.2. Tier 2: Sec.
5.6.2)

O OO0 KX [O UNBLOCKED DIAPHRAGMS: All diagonally sheathed or unblocked wood
structural panel diaphragms have horizontal spans less than 40 feet and aspect
ratios less than or equal to 4-to-1. (Commentary: Sec. A.4.2.3. Tier 2: Sec.
5.6.2)

XI [0 [ [O OTHER DIAPHRAGMS: The diaphragm does not consist of a system other than

wood, metal deck, concrete, or horizontal bracing. (Commentary: Sec. A.4.7.1.
Tier 2: Sec. 5.6.5)
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Building Name: 341, Increment Il Date: November 13, 2013
Building Address: Lawrence Livermore National Laboratory Page: 1 of 2
Job Number: B3189012.00 Job Name: LLNL B341 Seismic Evaluation By:. _ AMN  Checked:

ASCE 41-13 S2 / S2A Life Safety Structural Checklist:

Steel Braced Frames with Stiff or Flexible Diaphragms
C NCNA U | Comments

LOW SEISMICITY

Seismic-Force-Resisting System

X [ O [O AXALSTRESS CHECK: The axial stress due to gravity loads in columns
subjected to overturning forces is less.than 0.10Fy. Alternatively, the axial
stress due to overturning forces alone, calculated using the Quick Check
procedure of Section 4.5.3.6, is less than 0.30Fy. (Commentary: Sec.
A.3.1.3.2. Tier 2: Sec. 5.5.4.1)

X O O [O AXIALSTRESS CHECK: The axial stress in the diagonals, calculated using the
Quick Check procedure of Section 4.5.3.4, is less than 0.50Fy. (Commentary:
Sec. A.3.3.1.2. Tier 2: Sec. 5.5.4.1)

Connections

O O O X TRANSFER TO STEEL FRAMES: Diaphragms are connected for transfer of Given the relatively low demand on
seismic forces to the steel frames. (Commentary: Sec. A.5.2.2. Tier 2: Sec. the diaphragm in the long direction
57.2) of the building we do not believe

this is a life-safety concern.

K O O [O STEELCOLUMNS: The columns in seismic-force-resisting frames are
anchored to the building foundation. (Commentary: Sec. A.5.3.1. Tier 2: Sec.
5.7.3)

MODERATE SEISMICITY (Complete the following items in addition to the items for Low Seismicity)

Seismic-Force-Resisting System

X [ O [O REDUNDANCY:The number of lines of braced frames in each principal
direction is greater than or equal to 2. The number of braced bays in each line
is_greater than 2. (Commentary: Sec. A.3.3.1.1. Tier 2: Sec. 5.5.1.1)

O O K [0 CONNECTION STRENGTH: All the brace connections develop the buckling
capacity of the diagonals. (Commentary: Sec. A.3.3.1.5. Tier 2: Sec. 5.5.4.4)

O O X [O COMPACTMEMBERS: All brace elements meet compact section
requirements set forth by AISC 360 Table B4.1. (Commentary: Sec. A.3.3.1.7.
Tier 2: Sec. 5.5.4)

XI [0 [0 [ K-BRACING: The bracing system does not include K-braced bays.
i (Commentary: Sec. A.3.3.2.1. Tier 2: Sec. 5.5.4.6)

HIGH SEISMICITY (Complete the following items in addition to the items for Low and Moderate Seismicity)

Seismic-Force-Resisting System

O O K [O COLUMN SPLICES: All column splice details located in braced frames develop
50 percent of the tensile strength of the column. (Commentary: Sec. A.3.3.1.3.
Tier 2: Sec. 5.5.4.2)

O O K [O SLENDERNESS OF DIAGONALS: All diagonal elements required to carry
compression have Kl ratios less than 200. (Commentary: Sec. A.3.3.1.4. Tier
2: Sec. 5.5.4.3)
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: DEGENKOLB ENGINEERS
Building Name: 341, Increment Il Date: November 13, 2013

Building Address: Lawrence Livermore National Laboratory Page: 2 of 2
Job Number: B3189012.00 Job Name: LLNL B341 Seismic Evaluation By: _AMN Checked:

ASCE 41-13 S2 / S2A Life Safety Structural Checklist:
Steel Braced Frames with Stiff or Flexible Diaphragms

Comments

C NCNA U

O K [O [O CONNECTION STRENGTH: All the brace connections develop the yield
capacity of the diagonals. (Commentary: Sec. A.3.3.1.5. Tier 2: Sec. 5.5.4.4)

X O O [0 COMPACT MEMBERS: All brace elements meet section requirements set forth
by AISC 341 Table D1.1 for moderately ductile members. (Commentary: Sec.
A.3.3.1.7. Tier 2: Sec. 5.5.4)

O O K [O CHEVRON BRACING: Beams in chevron, or V-braced, bays are capable of
resisting the vertical load resulting from the simultaneous yielding and buckling
of the brace pairs. (Commentary: Sec. 3.3.2.3. Tier 2: Sec. 5.5.4.6)

O X O [O CONCENTRICALLY BRACED FRAME JOINTS: All the diagonal braces shall
frame into the beam-column joints concentrically. (Commentary: Sec. 3.3.2.4.
Tier 2: 5.5.4.8) )

Diaphragms (Stiff or Flexible)

O O K O OPENINGS AT FRAMES: Diaphragm openings immediately adjacent to the
braced frames extend less than 25 percent of the total frame length.
(Commentary: Sec. A.4.1.5. Tier 2: Sec. 5.6.1.3)

Flexible Diaphragms

X O O [O CROSSTIES: There are continuous cross ties between diaphragm chords:
(Commentary: Sec. A.4.1.2. Tier 2: Sec. 5.6.1.2)

O [0 K [O STRAIGHT SHEATHING: All straight sheathed diaphragms have aspect ratios
less than 2-to-1 in the direction being considered. (Commentary: Sec. A.4.2.1.
Tier 2: Sec. 5.6.2)

O [0 X [O SPANS:All wood diaphragms with spans greater than 24 feet consist of wood
structural panels or diagonal sheathing. (Commentary: Sec. A.4.2.2, Tier 2:
Sec. 5.6.2)

0O O K @O UNBLOCKED DIAPHRAGMS: Al diagonally sheathed or unblocked wood
structural panel diaphragms have horizontal spans less than 40 feet and aspect
ratios less than or equal to 4-to-1. (Commentary: Sec. A.4.2.3. Tier 2: Sec.
5.6.2)

X O O 0[O OTHER DIAPHRAGMS: The diaphragm does not consist of a system other

than wood, metal deck, concrete, or horizontal bracing. (Commentary: Sec.
A.4.7.1. Tier 2: Sec. 5.6.5)
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Building Name: 341, increment li Date: November 13, 2013
Building Address: Lawrence Livermore National Laboratory ' Page: 1 of 2
Job Number: B3189012.00 Job Name: LLNL B341 Seismic Evaluation By: _AMN Checked:

ASCE 41-13 PC1/ PC1A Life Safety Structural Checklist:
Precast/ Tilt-up Concrete Shear Walls with Flexible or Stiff Diaphragms
C NCNA U Comments

LOW SEISMICITY

Connections

O O O WALL ANCHORAGE: Exterior concrete or masonry walls that are dependent on
the diaphragm for lateral support are anchored for out-of-plane forces at each
diaphragm level with steel anchors, reinforcing dowels, or straps that are
developed into the diaphragm. Connections shall have adequate strength to
resist the connection force calculated in the Quick Check procedure of Section
4.5.3.7. (Commentary: Sec. A.5.1.1. Tier 2: Sec. 5.7.1)

MODERATE SEISMICITY (Complete the following items in addition to the items for Low Seismicity)

Seismic-Force-Resisting System

X O O [ REDUNDANCY: The number of lines of shear walls in each principal direction
is greater than or equal to 2. (Commentary: Sec. A.3.2.1.1. Tier 2: Sec.
5.5.1.1)

M O [O [O SHEARSTRESS CHECK: The shear stress in the precast panels, calculated
using the Quick Check procedure of Section 4.5.3.3, is less than the greater of

100 psi or 2/f'. . (Commentary: Sec. A.3.2.3.1. Tier 2: Sec. 5.5.3.1.1)

X O O [O REINFORCING STEEL: The ratio of reinforcing steel area to gross concrete
area is not less than 0.0012 in the vertical direction and 0.0020 in the
horizontal direction. (Commentary: Sec. A.3.2.3.2. Tier 2: Sec. 5.5.3.1.3)

Diaphragms

O [0 X [ TOPPING SLAB: Precast concrete diaphragm elements are interconnected by
a continuous reinforced concrete topping slab with a minimum thickness of 2
in. (Commentary: Sec. A.4.5.1. Tier 2: Sec. 5.6.4)

Connections

O 0O K [0 woobLEDGERS: The connection between the wall panels and the
diaphragm does not induce cross-grain bending or tension in the wood
ledgers.. (Commentary: Sec. A.5.1.2. Tier 2: Sec. 5.7.1.3)

X [ [O [O TRANSFER TO SHEARWALLS: Diaphragms are connected for transfer of
seismic forces to the shear walls. (Commentary: Sec. A.5.2.1. Tier 2: Sec.
5.7.2)

O 0O X [O TOPPING SLAB TO WALLS OR FRAMES: Reinforced concrete topping slabs
that interconnect the precast concrete diaphragm elements are doweled for
transfer of forces into the shear wall or frame elements. (Commentary: Sec.
A.5.2.3. Tier 2 Sec. 5.6.1)

X O [0 [ GIRDER/COLUMN CONECTION: Thereis a positive-connection utilizing

plates, connection hardware, or straps between the girder and the column
support. (Commentary: Sec. A.5.4.1. Tier 2: Sec. 5.7.4.1)

P:\project. BO3\189\B3189012.00\Reports\Tier 1 Checklists\ASCE 41-13 PC1 and PC1A Life Safety Checklist.docx



A8 Degenkolb

DEGENKOLB ENGINEERS

Building Name: 341, Increment lI - Date: November 13, 2013
Building Address: Lawrence Livermore National Laboratory Page: 2 - of 2
Job Number: B3189012.00 Job Name: LLNL B341 Seismic Evaluation By: _AMN  Checked:

ASCE 41-13 PC1/ PC1A Life Safety Structural Checklist:
Precast/ Tilt-up Concrete Shear Walls with Flexible or Stiff Diaphragms
C NCNA U Comments

HIGH SEISMICITY (Complete the following items in addition to the items for Low and Moderate Seismicity)

Seismic-Force-Resisting System

O O X O DEFLECTION COMPATIBILITY FOR RIGID DIAPHRAGMS: Secondary
components have the shear capacity to develop the flexural strength of the
components. (Commentary: Sec. A.3.1.6.2. Tier 2: Sec. 5.5.2.5.2)

X O [ O WALLOPENINGS: The total width of openings along any perimeter wall line
constitute less than 75 percent of the length of any perimeter wall with the wall
piers having aspect ratios of less than 2-to-1. (Commentary: Sec. A.3.2.3.3.
Tier 2: Sec. 5.5.3.3.1)

Diaphragms

M [0 [0 [O CROSSTIES IN FLEXIBLE DIAPHRAGMS: There are continuous cross ties
between diaphragm chords. (Commentary: Sec. A.4.1.2. Tier 2: Sec. 5.6.1.2)

O O X [0 STRAIGHT SHEATHING: All straight sheathed diaphragms have aspect ratios
less than 2-to-1 in the direction being considered. (Commentary: Sec. A.4.2.1.
Tier 2: Sec. 5.6.2)

[0 O X [O SPANS: All wood diaphragms with spans greater than 24 feet consist of wood
structural panels or diagonal sheathing. (Commentary: Sec. A.4.2.2. Tier 2:
Sec. 5.6.2)

O O X O UNBLOCKED DIAPHRAGMS: All diagonally sheathed or unblocked wood
structural panel diaphragms have horizontal spans less than 40 feet and aspect
ratios less than or equal to 4-to-1. (Commentary: Sec. A.4.2.3. Tier 2: Sec.
5.6.2)

XI [0 [0 [O OTHER DIAPHRAGMS: The diaphragm does not consist of a system other
than wood, metal deck, concrete, or horizontal bracing. (Commentary: Sec.
A.4.7.1. Tier 2: Sec. 5.6.5)

Connections

X O O [O MNMUMNUMBER OF WALL ANCHORS PER PANEL: There are at least
two anchors from each precast wall panel into the diaphragm elements.
(Commentary: Sec. A.5.1.3. Tier 2: Sec. 5.7.1.4)

X O O [0 PRECASTWALLPANELS: Precast wall panels are connected to the
foundation. (Commentary: Sec. A.5.3.6 Tier 2: Sec. 5.7.3.4)

O O [ [ UPLIFT AT PILE CAPS: Pile caps have top reinforcement and piles are
anchored to the pile caps. (Commentary: Sec. A.5.3.8. Tier 2: Sec. 5.7.3.5)

O
O
X
O

GIRDERS: Girders supported by walls or pilasters have at least two ties
securing the anchor bolts. (Commentary: Sec. A.5.4.2. Tier 2; Sec. 5.7.4.2)
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d b ¢ r m h t £ R A y | Shead | S-base
Type , _ , ) . : :
ib. in. in. in. in, in. in. in. in. in. in.2 in. in* in3 in.3

ASCE. 0 | % B | 1M | 12 e 1192 Y% s |12 200 1.26 193 141 1.3

ASCE. B | % B | 1% 12 344 13%4 1%4 1% | 12 240 1.33 250 176 | 188

ASCE. 0| 3% M| e | 12 17, 12%; 2ha 12%. | 12 3.00 1.52 410 | 235 | 269
ASCE 0 | % ¥ 1% 12 % 15%4 %4 1% 12 3N 1.68 654 | 359 | 389

ASCE. 80 | 4% W4 | % 12 % | 2% 4 12%:; | 12 5.93 205 | 1460 664 | 712

ASCE. 10 4% 5% 2%e 12 13 2%, 33%4 234 12 6.81 222 | 1970 8.19 887
ASCE. ) DY 1 Y | D% 12 %, 23%4 1%, 2% 12 133 230 | 2286 910 9.94

AS.CE. 80 | 5 § 2% 12 ] 0% %a | 2% 12 785 | 238 | 2638 | 1007 | 11.08

ASCE. 85 | e | Hs | s 12 %e | 2% Y16 D% | 12 8.33 247 | 3007 | 1108 | 1217
ASCE. W | % % | 2% 12 % | 2% Y16 2% | 12 883 255 | 343% | 1219 | 1349
ASCE. 100 | 5% % | 2% 12 42 | 3% Y 3] 12 984 213 | 8397 | 1455 | 1611

Crane*l | 104 | 5 5 W% 12 Ws | % | 1 e | 3% | 103 | 2a | 28 | 107 | 135

Crane *2 | 105 | % | SHs | 2%s 12 1 1% % | 2% | 12 103 241 | 344 124 143

Crane *3 | 135 ¥ e | 3% 14 146 1% | 1% D% | 12 133 281 | 506 172 180

Crane *1 | 171 b b 43 Flat 1% 2% 1% 2% Vert. 168 301 ( 734 45 | 44

Crane *3 | 175 b 6 4% 18 1% Ky 1Y% 2% | Vert 17.1 302 | 702 85 | 233

*1 Bethlehem  *2 US. Steel  *3 Bethlehem & U.S. Steel.

REFERENCES: ¢ “Manual of Steel Construction,” Eighth (1980) Edition, American Institute of Steel Construction, Inc., New York.
* “Bethlehem Trackwork,” Bethlehem Steel Corporation, Bethlehem, Pa., Catalog 2341,
* “C.M.A A" Specification No. 70, Revised 1975. Crane Manufacturers Association of American, Inc., Pittsburgh, Pa.,
1975.
American Crane & Hoist Corporation 1234 Washington St. Boston, MA 02118
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www.hilti.us Profis Anchor 2.4.3
Company: Page: 1

Specifier: Project:

Address: Sub-Project | Pos. No.:

Phone | Fax: | Date: 11/13/2013

E-Mail:

Specifier's comments:

1 Input data

Anchor type and diameter:
Effective embedment depth:
Material:

Evaluation Service Report:
Issued | Valid:

Proof:

Stand-off installation:
Anchor plate:

Profile:

Base material:
Reinforcement:

Seismic loads (cat. C, D, E, or F)

Geometry [in.] & Loading [Ib, in.Ib]

Kwik Bolt TZ - CS 1/2 (2)

hes = 2.000 in., hyo = 2.375 in.

Carbon Steel

ESR-1917

5/1/2013 | 5/1/2015

design method ACI 318 / AC193

€, = 0.000 in. (no stand-off); t = 0.500 in.
Iy x ly x t = 4.000 in. x 5.000 in. x 0.500 in.; (Recommended plate thickness: not calculated)
no profile

uncracked concrete, 3000, f;' = 3000 psi; h = 6.000 in.

tension: condition B, shear: condition B; no supplementat splitting reinforcement present

edge reinforcement: none or < No. 4 bar
no

Input data and results must be checked for agreement with the existing conditions and for plausibility!
PROFIS Anchor ( ¢ ) 2003-2009 Hilti AG, FL-9494 Schaan Hilti is a registered Trademark of Hilti AG, Schaan
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www.hilti.us Profis Anchor 2.4.3
Company: Page: 2

Specifier: Project:

Address: Sub-Project | Pos. No.:

Phone | Fax: | Date: 11/13/2013

E-Mail:

2 Load case/Resulting anchor forces

Load case: Design loads

Anchor reactions [ib]
Tension force: (+Tension, -Compression)

Shear force y

GF

Anchor Tension force Shear force Shear force x
1 2000 0 -0
2 2000 0 0
max. concrete compressive strain: - [%eo]
max. concrete compressive stress: - [psi]
resulting tension force in (x/y)=(0.000/0.000): 4000 [Ib]

resulting compression force in (x/y)=(0.000/0.000): 0 [Ib]

3 Tension load

Load N,, [Ib]

: G

Tension

O

. Capacity gN,, [Ib] Utilization gy = N,../¢gN,, Status

Steel Strength* 2000 8029 25 ' OK o
Pullout Strength* N/A N/A N/A N/A
Concrete Breakout Strength** 4000 3585 112 not recommended

* anchor having the highest loading **anchor group (anchors in tension)

3.1 Steel Strength

Nsa = ESR value refer to ICC-ES ESR-1917

¢ Nsteer 2 Nua ACI 318-08 Eq. (D-1)
Variables
n Ase.N [in-2] futa [pSi]
1 0.10 106000
Calculations
Nsa [Ib]
10705
Results
Nsa [Ib] Qsteel ¢ Nsa [ID] Nuya [Ib]
10705 0.750 8029 2000

Input data and results must be checked for agreement with the existing conditions and for plausibility!

PROFIS Anchor ( ¢ ) 2003-2009 Hilti AG, FL-9494 Schaan Hilti is a registered Trademark of Hilti AG, Schaan
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www.hilti.us Profis Anchor 2.4.3
Company: Page: 3
Specifier: Project:
Address: Sub-Project | Pos. No.:
Phone | Fax: | Date: 11/13/2013
E-Mail:
3.2 Concrete Breakout Strength
Ny = (2 N ACI 318-08 Eq. (D-5)
cbg ANcO WecN YedN WeN Yep N Np q.
0 Nesg 2 Ny ACI 318-08 Eq. (D-1)
Anc  see ACI 318-08, Part D.5.2.1, Fig. RD.5.2.1(b)
Ay =9h% ACI 318-08 Eq. (D-6)
1
VecN = ( 142 e'N) 1.0 ACI 318-08 Eq. (D-9)
3 hes
wean =0.7+0.3 (f%"r“‘" <10 ACI 318-08 Eq. (D-11)
llef
VepN = MAX(% %"") $1.0 ACI 318-08 Eq. (D-13)
ac ac
No =k V. hi® ACI 318-08 Eq. (D-7)
Variables
hef [in-] . _Q:L_N [in-] ecz,N [in-] _ ca.min [in-] We N
2.000 0.000 0.000 © 1.000
Gl Kk A folpsil
4.500 24 1 3000
Calculations
A in Ao [N Yeet N Wec2.N Yed N Yep.N N, [Ib]
53.40 36.00 1.000 1.000 1.000 1.000 3718
Results
Ncbg ['b] ¢|>concrete ¢ Ncbg [Ib] Nua ['b]
56515 0.650 3585 4000

Conkc,  CAPALTY 95 =/[0

MLy BY

0.7% o€ SelsmiC

V.= oo™

Input data and results must be checked for agreement with th-e existing conditions and for plausibility!
PROFIS Anchor ( ¢ ) 2003-2009 Hilti AG, FL-9494 Schaan Hilti is a registered Tradernark of Hilti AG, Schaan
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Appendix B

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

Appendix B: Increment 3 Tier 1 Check Lists and Calculations

A Degenkolb Engineers Detailed Seismic Evaluation
December 20, 2013

P:\project.B03\189\B3189012.00\Reports\Final Report\131220rpt LLNL B341 Seismic Evaluation Final Report.doc



AR Degenkolb

DEGENKOLB ENGINEERS

Building Name: 341, Increment Il Date: November 14, 2013
Building Address: Lawrence Livermore National Laboratory - Page: 1 of 2
Job Number: B3189012.00 Job Name: LLNL B341 Seismic Evaluation By: _ AMN  Checked:
ASCE 41-13 Life Safety Basic Configuration Checklist
C NCNA U Comments
LOW SEISMICITY
BUILDING SYSTEM

X [ [ [O LOAD PATH: The structure shall contain a complete, well-defined load path,
including structural elements and connections, that serves to transfer the inertial
forces associated with the mass of all elements of the building to the foundation.
(Commentary: Sec. A.2.1.1. Tier 2: Sec. 5.4.1.1)

O X [O [O ADJACENTBUILDINGS: The clear distance between the building being Increment Ill is attached to
evaluated and any adjacent building is greater than 4 percent of the height of Increment I, however, given that the
the shorter building. This statement shall not apply to the following building buildings are relatively stiff, we do
types: W1, W1A, and W2. (Commentary: Sec. A.2.1.2. Tier 2: Sec. 5.4.1.2) not believe there will be significant

relative movement at this location,
therefore we do not believe this is a
life-safety concern.

0 O X @O MEZZANINES: Interior mezzanine levels are braced independently from the
main structure, or are anchored to the seismic-force-resisting elements of the
main structure. (Commentary: Sec. A.2.1.3. Tier 2: Sec. 5.4.1.3)

BUILDING CONFIGURATION

O O X [O WEAKSTORY: The sum of the shear strengths of the seismic-force-resisting
system in any story in each direction is not less than 80% of the strength in the
adjacent story above. (Commentary: Sec. A.2.2.2. Tier 2; Sec. 5.4.2.1)

O 0O K [O SOFTSTORY: The stiffness of the seismic-force-resisting system in any story
is not less than 70% of the seismic-force-resisting system stiffness in an
adjacent story above or less than 80% of the average seismic-force-resisting
system stiffness of the three stories above.

(Commentary: Sec. A.2.2.3. Tier 2: Sec. 5.4.2.2)

X [0 0O [O VERTICAL IRREGULARITIES: All vertical elements in the seismic-force-
: resisting system are continuous to the foundation.
(Commentary: Sec. A.2.2.4. Tier 2: Sec. 5.4.2.3)

)M [0 O 1O GEOMETRY: There are no changes in the net horizontal dimension of the
seismic-force-resisting system of more than 30% in a story relative to adjacent
stories, excluding one-story penthouses and mezzanines. "
(Commentary: Sec. A.2.2.5. Tier 2: Sec. 5.4.2.4)

8 O K [ MASS: Thereis no change in effective mass more than 50% from one story to
the next. Light roofs, penthouses and mezzanines need not be considered.
(Commentary: Sec. A.2.2.6. Tier 2: Sec. 5.4.2.5)

X O [O [O TORSION: The estimated distance between the story center of mass and the

story center of rigidity is less than 20% of the building width in either plan
dimension. (Commentary: Sec. A.2.2.7. Tier 2: Sec. 5.4.2.6)

MODERATE SEISMICITY (Complete the following items in addition to the items for Low Seismicity)

GEOLOGIC SITE HAZARDS

P:\project. BO3\189\B3189012.00\Reports\increment 3\Tier 1 Check Lists\ASCE 41-13 Basic LS Checklist.docx



A Degenkolb

DEGENKOLB ENGINEERS

Building Name: 341, Increment lll . Date: November 14, 2013
Building Address: Lawrence Livermore National Laboratory ' Page: 2 of 2
Job Number: B3189012.00 Job Name: LLNL B341 Seismic Evaluation By: _ AMN  Checked:

ASCE 41-13 Life Safety Basic Configuration Checklist
C NCNA U Comments

X [0 O 0O LIQUEFACTION: Liquefaction-susceptible, saturated, loose granular soils that
could jeopardize the building’s seismic performance shall not exist in the
foundation soils at depths within 50 feet under the building.

(Commentary: Sec. A.6.1.1)

0 O & [O SLOPE FAILURE: The building site is sufficiently remote from potential
earthquake-induced slope failures or rockfalls to be unaffected by such failures
or is capable of accommodating any predicted movements without failure.
(Commentary: Sec. A.6.1.2)

XI [0 [0 [O SURFACEFAULT RUPTURE: Surface fault rupture and surface

displacement at the building site is not anticipated.
(Commentary: Sec. A.6.1.3)

HIGH SEISMICITY (Complete the following items in addition to the items for Low and Moderate Seismicity)

FOUNDATION CONFIGURATION

X 0O O O OVERTURNING: The ratio of the least horizontal dimension of the seismic- 30°/12.5’ = 2.5 > 0.60.98 =
force-resisting system at the foundation level to the building height (base/height) 0-59
is greater than 0.6S,. (Commentary: Sec. A.6.2.1 Tier 2: Sec. 5.4.3.3)

O O K [O TIES BETWEEN FOUNDATION ELEMENTS: The foundation has ties Foundation tied by slab-on-
adequate to resist seismic forces where footings, piles, and piers are not grade.
restrained by beams, slabs, or soils classified as Site Class A, B, or C.
(Commentary: Sec. A.6.2.2. Tier 2: Sec. 5.4.3.4)

P:\project.BO3\189\B3189012.00\Reports\increment 3\Tier 1 Check Lists\ASCE 41-13 Basic LS Checklist.docx



A; Degenkolb

DEGENKOLE ENGINEERS

Building Name: 341, Increment lll Date: November 14, 2013

Building Address: Lawrence Livermore National Laboratory Page: 1 of
Job Number:

B3189012.00 Job Name: LLNL B341 Seismic Evaluation By: _ AMN  Checked:

ASCE 41-13 C2/ C2A Life Safety Structural Checklist:

Concrete Shear Walls with Stiff or Flexible Diaphragms
C NCNA U | |

Comments

O 0 K
X O O
X O O
X O O
OO X
X O O
X 4O O
O 0 K
OO0 X
OO0 KX

LOW AND MODERATE SEISMICITY

Seismic-Force-Resisting System

COMPLETE FRAMES: Steel or concrete frames classified as secondary
components form a complete vertical-load-carrying system. (Commentary: Sec.
A.3.1.6.1. Tier 2: Sec. 5.5)

REDUNDANCY: The number of lines of shear walls in each principal direction is
greater than or equal to 2. (Commentary: Sec. A.3.2.2.1. Tier 2; Sec. 5.5.1.1)

SHEAR STRESS CHECK: The shear stress in the concrete shear walls,
calculated using the Quick Check procedure of Section 4.5.3.3, is less than the

greater of 100 psior 2,/f', . (Commentary: Sec. A.3.2.2.1. Tier 2: Sec.
5.5.3.1.1)

REINFORCING STEEL: The ratio of reinforcing steel area to gross concrete
area is not less than 0.0012 in the vertical direction and 0.0020 in the horizontal
direction. (Commentary: Sec. A.3.2.2.2. Tier2: Sec. 5.5.3.1.3)

Connections

WALL ANCHORAGE AT FLEXIBLE DIAPHRAGMS: Exterior concrete or
masonry walls that are dependent on flexible diaphragms for lateral support
are anchored for out-of-plane forces at each diaphragm level with steel
anchors, reinforcing dowels, or straps that are developed into the diaphragm.
Connections have adequate strength to resist the connection force calculated
in the Quick Check procedure of Section 4.5.3.7. (Commentary: Sec. A.5.1.1.
Tier 2: Sec. 5.7.1.1)

TRANSFER TO SHEAR WALLS: Diaphragms are connected for transfer of
seismic forces to the shear walls. (Commentary: Sec. A.5.2.1. Tier 2: 5.7.2)

FOUNDATION DOWELS: Wall reinforcement is doweled into the foundation
with vertical bars equal in size and spacing to the vertical wall reinforcing
immediately above the foundation. (Commentary: Sec. A.5.3.5. Tier 2: Sec.
5.7.3.4)

HIGH SEISMICITY (Complete the following items in addition to the items for Low and Moderate Seismicity)

Seismic-Force-Resisting System

DEFLECTION COMPATIBILITY: Secondary components have the shear
capacity to develop the flexural strength of the components. (Commentary:
Sec. A.3.1.6.2. Tier 2: Sec. 5.5.2.5.2)

FLAT SLABS: Flat slabs / plates not part of the seismic-force-resisting system
have continuous bottom steel through the column joints. (Commentary: Sec.
A.3.1.6.3. Tier 2: Sec. 5.5.2.5.3)

COUPLING BEAMS: The stirrups in coupling beams over means of egress are
spaced at or less than d/2 and are anchored into the confined core of the beam
with hooks of 135° or more. The ends of both walls to which the coupling beam
is attached are supported at each end to resist vertical loads due to overturning.
(Commentary: Sec. A.3.2.2.3. Tier 2: Sec. 5.5.3.2.1)

P:\project BO3\189\B3189012.00\Reports\increment 3\Tier 1 Check Lists\ASCE 41-13 C2 and C2A Life Safety Checklist.docx



A; Degenkolb

DEGENKOLB ENGINEERS

Building Name: 341, Increment Il Date: November 14, 2013
Building Address: Lawrence Livermore National Laboratory Page: 2 of 2
Job Number: B3189012.00 Job Name: LLNL B341 Seismic Evaluation By: _AMN _ Checked:

ASCE 41-13 C2 / C2A Life Safety Structural Checklist:
Concrete Shear Walls with Stiff or Flexible Diaphragms
C NC NA U » Comments

Connections

0O O X [O UPLIFT AT PILE CAPS: Pile caps have top reinforcement and piles are
: anchored to the pile caps. (Commentary: Sec. A.5.3.8. Tier 2: Sec. 5.7.3.5)

Diaphragms (Flexible or Stiff)

X O O O DIAPHRAGM CONTINUITY: The diaphragms are not composed of split-level
floors and do not have expansion joints. (Commentary: Sec. A.4.1.1. Tier 2:
Sec. 5.6.1.1)

X [1 O [O OPENINGS AT SHEAR WALLS: Diaphragm openings immediately adjacent to
the shear walls are less than 25 percent of the wall length. (Commentary: Sec.
A.4.1.4. Tier 2: Sec. 5.6.1.3)

Flexible Diaphragms

O O K [O CROSSTIES IN FLEXIBLE DIAPHRAGMS: There are continuous cross ties
between diaphragm chords. (Commentary: Sec. A.4.1.2. Tier 2: Sec. 5.6.1.2)

0 O K [O STRAIGHT SHEATHING: All straight sheathed diaphragms have aspect ratios
less than 2-to-1 in the direction being considered. (Commentary: Sec. A.4.2.1.
Tier 2: Sec. 5.6.2)

O O X [O SPANS: Al wood diaphragms with spans greater than 24 feet consist of wood
structural panels or diagonal sheathing. (Commentary: Sec. A.4.2.2. Tier 2:
Sec. 5.6.2)

X O 0O @O UNBLOCKED DIAPHRAGMS: All diagonally sheathed or unblocked wood
structural panel diaphragms have horizontal spans less than 40 feet and aspect
ratios less than or equal to 4-to-1. (Commentary: Sec. A.4.2.3. Tier 2: Sec.
5.6.2)

X O [ [0 OTHER DIAPHRAGMS: The diaphragm does not consist of a system other

than wood, metal deck, concrete, or horizontal bracing. (Commentary: Sec.
A.4.7.1. Tier 2: Sec. 5.6.5)

P:\project.B03\189\B3189012.00\Reports\increment 3\Tier 1 Check Lists\ASCE 41-13 C2 and C2A Life Safety Checklist.docx
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Appendix C

Seismic Evaluation — Building 341, Lawrence Livermore National Laboratory

Appendix C: Increment 1 Tier 3 Calculations

A Degenkolb Engineers Detailed Seismic Evaluation
December 20, 2013
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.A_‘- Degenkolb

Degenkolb Engineers

1300 Clay Street, Sth Floor
Oakland, California

Subject: Seismic Weight Take-off Job Number: B3189012. Date: 11.14.13
Job: LLNL B341 Increment | By: AMN Section:
Checked By:
Building Weight
High Roof
Component Deck Beam Girders Columns Lateral
5 ply Tar and Gravel Roofing 6 6 6 6 6
Metal Deck 3 3 3 3 3
10B11.5 @ 7-2" o.c. 0 1.6 1.6 1.6 1.6
21WF68 @ 20' o.c. 0 0 3.4 3.4 3.4
Insulation 3 3 3 3 3
MEP 5 5 5 5
Misc. 2 2 2 2
Total 12 21 24 24 24
Low Roof
Component Deck Beam Girders Columns Lateral
5 ply Tar and Gravel Roofing 6 6 6 6 6
Metal Deck 3 3 3 3 3
10B15 @ 7'-6" o.c. 0 2.0 2.0 2.0 2.0
21WF55 & 33WF152 @ 20' o.c. 0 0 5.2 5.2 5.2
Insulation 3 3 3 3 3
MEP 5 5 5 5
Misc. 2 2 2 2
Total 12 21 26 26 26
Equipment Loft
Component Deck Beam Girders Columns Lateral
6.5" concrete slab 81 81 81 81 81
12WF40 @ 7'-6" 0 7.2 7.2 7.2 7.2
Conc bm @ line 2a 0 9 9 9 9
33WF152 @ 20' o.c. 0 0 8 5 5
MEP 21 21 21 21 21
Misc 5 5 5 5
Total 103 124 131 129 129
Mezzanine with conc beams
Component Deck Beam Girders Columns | Lateral
6.5" concrete slab 81 81 81 81 81
2'x1'-3" bm @ 10'-0" +/- o.c. 0 38 38 38 38
16WF45 0 2 2 2 2
MEP 10 10 10 10
Misc 5 5 5 5
Total 81 135 135 135 135
Mezzanine with steel beams
Component Deck Beam Girders Columns Lateral
6.5" concrete slab 81 81 81 81 81




_;;pegenkolb

Degenkolb Engineers

1300 Clay Street, Sth Floor

Oakland, California

Subject: Seismic Weight Take-off Job Number: B3189012. Date: 11.14.13
Job: LLNL B341 Increment | By: AMN Section:
Checked By:
16WF35 @ 7'-4" +/- 0 8 8 8 8
24WF76 @ 20' o.c. 0 0 4 4 4
MEP 10 10 10 10
Misc 5 5 5 5
Total 81 104 108 108 108
Concrete Wall Weights
Weight (psf) | Length (ft) | Height (ft) | Area (sf) [Total Weight (k)
Precast Concrete Panels: High Roof (6") 75 280 32,5 9100 683
Precast Concrete Panels: Low Roof (6") 75 360 22 6732 505
Precast Concrete Panels: Bet. Low and High F 75 40 12 460 35
Cast-in-place conc. Walls: High Roof (8") 100 180 31 5580 558
Cast-in-place conc. Walls: Mezzanine (8") 100 280 13 3640 364
1140
Total = 2144
Total Building Weight
. TFotal
Fioor Floor Area Floor Wall Weight Total Weight Total Mass
(sf) Weight (k) (k) Weight (k) (ps!‘:) (Ibs-s2/ft3)
High Roof 11345 272 638 910 80 2.491
Low Roof 13855 363 270 632 46 1.417
Equipment Loft 2345 302 0 302 129 3.997
Mezzanine with conc. bms 2733 370 182 552 202 6.274
Mezzanine with steel bms 2266 245 0 245 108 3.354
Total Floor Weight = 1552 kips
Total Wall Weight = 2144 kips
Total Building Weight = 3696 kips
SAP Assembled Joint Mass = 3662 kips 99%
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Degenkolb Engineers
1300 Clay Street

Oakland, CA 94612
Phone: 510.272.9040
Fax: 510.272.9526

M\ Degenkolb

Subject: ASCE 41-13 Lateral Load Job Number: B3189012.00 Date: 10.31.2013
Job: LLNL B341 Increment 1 By: AMN Section:
Checked By: Page of

ASCE 41-13 Pseudo Lateral Load

INPUT DATA
S, Short Period Response Acceleration = 147 xg
S;: Spectral Response Acceleration @ 1 sec. = 052 xg
SC: Soil Class = D
c1*C2: C1*C2 1.4
W: Total Building Weight = 3696  kips
h: Total Building Height = 31 feet
Ay Base Area of Building = 2733 ft
Ce Building System Coefficient = 0.02
X: Period Determination Exponent = 0.75
n: Number of Stories = 2
T Long-Period Transition Period = 12 sec.
CALCULATE BASE SHEAR
Controlling Sesimic Design Category = D
T Approximate Fundamental Period of Vibration = C,* h,* = 0.26 sec.
T: Calculated Structural Period = 0.26 sec.
T: Limiting Structural Period = 0.37 sec.
T: Design Structural Period = 0.26 sec.
k: Vertical Force Distribution Exponent = 1.00
[Table 1615.1.2(2) | S, <= S = S, = S = S, >=
0.1 0.2 0.3 0.4 0.5
Soil Class D 24 20 1.8 1.6 1.5
Fy, - - - - 1.50
F,: Site Coefficient for S, = 1.50
[Table 1615.1.2(1): | s, <= Se = S. = Se = Se>=
0.25 0.50 0.75 1.00 1.25
Soil Class D 1.6 1.4 1.2 1.1 1.0
Fa - - - - 1.00
Fa: Site Coefficient for S = 1.00
Sus: Modified Short Period Acceleration = F,*S, = 1.47
Sy Modified 1 sec. Period Acceleration = F,*S, = 0.78
Sps: Design Short Period Acceleration = 2/3*S,5 = 0.98
Spr: Design 1 sec. Period Acceleration = 2/3*S,,, = 0.52
T Ts =Spy/Sps = 0.53 sec.
To: Tp=02Tg= 0.11 sec.
S, Design Spectral Acceleration at Building Period = 0.98
C1C2Sa C1"C2"Sa= 1372  <=Controls
V: Pseudo Lateral Load = C1*C2*Sa*W =kips




ALDegenkolb

Degenkolb Engineers

1300 Clay Street
Oakland, CA 94612

Phone: 510.

272.9040

Fax: 510.272.9526

Subject: ASCE 41-13 Lateral Load Job Number: B3189012.00 Date: 10.31.2013
Job: LLNL B341 Increment 1 By: AMN Section:
Checked By: Page

ASCE 41-13 General Response Spectrum
1.13 "
3 0.90 1
c
K]
B 0.68 |
K
8
8 0.45 -
[~}
b~
[
2 0.23 -
a
0.00 " - . - .
0.00 0.50 1.00 1.50 2.00 250 3.00
Period (s)
CALCULATE VERTICAL FORCE DISTRIBUTION
Story W, h, w*h,* Cw F, Vv,
(kips) (feet) (kips) (kips)
 High Roof 910 31.25 28432 0.48 2449 2449
Low Roof 934 215 20084 0.34 1730 4178
Mezz 797 13 10359 0.18 892 5070
58875 1.00 5070
CALCULATE DIAPHRAGM FORCE DISTRIBUTION
laphragm
Story w, Fy Fpx Fpx min Fpx max | Design Force Fpx/Fx
(kips) (kips) (kips) (kips) (kips) (kips)
High Roof 910 2449 2449 178 357 2449 1.00
Low Roof 934 1730 2117 183 366 2117 1.22
Mezz 797 892 1530 156 312 1530 1.71
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Lawrence Livermore National Laboratory
Building 341 Detailed Seismic Evaluation
Structural Calculations

SAP 2000 3D Model
Development

December 2013



REVISION 1, 12-4-64

PRELIMINARY SEISMIC EVALUATON FOR B-341

A. Description of the building structures:

The main building is a 140*' x 180' rectangular shaped one story
building with a 50' x 100* mezzanine floor at the south-east corner. It
is constructed of a steel frame with precast concrete panels attached to
the perimeter of the steel frame, and with steel decks on the top of the
frame as the roof.

It, basically, is a "Box System" structure. The lateral loads i.e.,
wind or seismic loads are laterally supported by the roof diaphragms, then
carried into shear walls, the precast concrete wall panels and a few
internal cast-in-place concrete walls. The steel frame is designed for
vertical loads only, therefore, there are no vertical bracing systems, and
some horizontal bracing systems under the roof are designed for
construction purpose only.

The roof system is split into two levels stepping down from east to
west, (see sketch 1). The high bay is 50' wide, and 31' above the grade
slab. The low roof, is 90' wide and 20' above the slab. A 17' wide strip
of the low roof, adjacent to the high bay, is utilized as a mechanical
loft covered with 1ight gauge steel panels.

The "Increment 3" is a small rectangular one-story building with a size
of 39" x 76'x 12.5'. It is attached to the north end of the main building
at its longitudinal side. The structure consists of a fairly large
concrete core around and a wood framed structure with a flat roof. There
are no existing drawings for the "Increment 2" structure available.

B. Available existing design data:

1. As built drawings for the main building and the "Increment 3" structure.

2. Design specification for main building only.

3. Structural calculations for the main building "Increment 2" and
"Increment 3".

4. Design criteria :
a. Design code:
UBC 1961 - main building
UBC 1973 - "Increment 3"
b. Seismic design level (for main building):
0.1W - structural systems
0.2W - structural components
c. Steel frame - A36 steel (fy = 36,000 psi)
d. Concrete strength:

fc' = 4,000 psi - Precast panels
fc' = 3,000 psi - Loft and Mezzanine floor slabs
fc' = 2,500 psi - Walls and foundations

e. Reinforcement:
fy = 40,000 psi

f. Light gauge steel roof deck:
Milcor (Inland Steel), Type B, 24" wide galvanized 18 gauge deck
with 3 puddle welds at ends and side seams bottom punched 24" o.c.
Allowable horizontal shear = 455 1b/ft. with no increase
recommended for lateral loads (F.S. = 3.0).

1626a/0442a
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SAP2000 121713 11:12:15

SAP2000 v15.2.1 - File:131115 B341 Increment | Model - 3-D View - Kip, in, F Units




SAP2000 12/4/13 16:51:50

SAP2000 v15.2.1 - File:131115 B341 Increment | Model - 3-D View - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - X-Y Plane @ Z=156 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 increment | Model - X-Y Plane @ Z=258 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - X-Y Plane @ Z=375 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - X-Z Plane @ Y=1680 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - X-Z Plane @ Y=1608 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - X-Z Plane @ Y=1380 - Kip, in, F Units



SAP2000

12/4/13 16:50:28

@
(=®
RGO
2CO)
-C®
—®
2CO)
—C®
2CC)
—®

=l

A 4

SAP2000 v15.2.1 - File:131115 B341 Increment | Model - X-Z Plane @ Y=1352 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - X-Z Plane @ Y=1080 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - X-Z Plane @ Y=879 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - X-Z Plane @ Y=540 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - X-Z Plane @ Y=0 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - Y-Z Plane @ X=0 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - Y-Z Plane @ X=240 - Kip, in, F Units
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'SAP2000 v15.2.1 - File:131115 B341 Increment | Model - Y-Z Plane @ X=480 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - Y-Z Plane @ X=720 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - Y-Z Plane @ X=960 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - Y-Z Plane @ X=1200 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - Y-Z Plane @ X=1440 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - Y-Z Plane @ X=1680 - Kip, in, F Units
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SAP2000 v15.2.1 - File:131115 B341 Increment | Model - Y-Z Plane @ X=1920 - Kip, in, F Units
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Degenkolb Engineers

A Degenkolb i, st

Subject: Metal Deck Roof Diaphragm Properties Job Number: B3189012.00 Date: 11.19.13
Job: LLNL B341 Increment | By: AMN Sectlon:
Checked By:
1- General Deck Information
h: Deck Height (in.) = 1.50
d Rib Spacing (in.) = 8
t: Base Metal Thickness (in.) = 0.0474 18 ga, Wide Rib
w: Panel Width (in.) = 24
L: Panel Length (ft.) = 30,
P: Weld Patten = 3 ¢
-] Edge Weld Spacing, [w/(P-1)), (in.) = 12 .
8 : Interior Stitch Spacing (in.) = 24 v .
w: Corrugation dimension (in.) = 1.65' - [
e: Corrugation dimension (in.) = 0.875 o 'FL!.,
f: Corrugation dimension (in.) = 35 -
b——ﬂ__.i
1. r Stren ¢
Structural Fastener - Arc Spot Weld
d,: Weld Diameter (in.) = 0.5 F10 2,.4-1 CORRUGATION DIMENS{ONS
Fy: Specified Minimum Steel Strength, Members (ksi) = 45
Q Structural Connector Strength, [2.2°t*F,*(d,-1)] , (kips) = 212
S: Structural Connector Flexibility, [1.15x10%(t)*%], (in/Aip) = 0.0053
Sidelap Fastener - Button Punched (equivalent to #10 screw, per Verco manual)
Q,: Sidelap Connector Strength (kips) = 1.02 App IV
S,: Sidelap Connector Flexibility (in./kip) = 0.014 App IV
][R hragm Strength
Edge Fasteners
o : End Dsitribution Factor, [App. IV] = 11
ny No. of Purlins (excluding ends) = 3
o Purlin Distribution Factor, [App. IV] = 1.1
Ne: No. of Edge Connectors between Cross Supports, [(L/(n;+1))/s,] = 7
Sie: Diaphragm Strength (Edge Limit), [(204+n,0,+n,)QyL) (Kip/ft) = 0.88
Interi I
L,: Purlin Spacing (ft.) = 7.50
A [-h'L/(240°%)] = 078
n,: No. of Stitch Connectors in Length, [L/s] : 15
o [Q/Q) = 0.48
Zow)* : [App. IV] = 0.51
Su: Diaphragm Strength (Interior Limit), [2()\-1)+n,u,+}:(x/w)2'(2n,,+4)]"(Q./L), (kip/ft) = 0.84
End Members
N: No. Fasters per Foot Along Ends = 1.00
B: [Nyo+E (/W) (2n5+4)] = 12.29
S,: Diaphragm Strength (Comner Limit), [((N*B%(L>N*+B))*$)Qf], (kip/ft) = 0.81

imiting Diaphragm Strength Val

S: Diaphragm Strength (kipt) : 0,81 -:_,7 10 Pl'é' {OMPARES

IV, St: k
I: Panel Moment of Inertia (in*/t width) = 0.305 welw. T ZX %\)
dy: Corrugation Pitch (in.) = 6
s: : Developed Flute Width, [2(e+w)+], (in.) = 8.34 1.39 = ZX}‘, 55 FH' = ﬁ t 0 P? é
S.: Critical Buckling Load, [(3.25*10%L,%)*(*d,/s.)**] (kips/ft) = 222 L
b st Feorn |46v
E: Modulus of Elasticity (ksi) = 29000
v: Poissons Ratio = 03 EvALvA TN
c: Slip Coefficient [(Et/w)*Sy*((24L/(20, +n50,+2n,Sy/S,))] = 12.83 m 6"
D: Assume Wide Rib, [Table 3.31 pg. 3-4] = 13013 18 ga, every third valley 0.
D,: Warping Constant {D/12L] = 36.15
$: D, Reduction [Table 3.3-2] = 0.80
G': Diaphragm Stiffness (kips/in) = 30.30
G: Effective Modulus (ksi) = 639.35

t: Effective Panel Thickness [t'(G/11350)] (in.) = 0.002717
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LINE 2.

gAP2000 v15.2.1 - File:131115 B341 Increment | Model - X-Z Plane @ Y=1080 - Kip, in, F Units



SAP2000 11/26/13 16:36:53

LINGE b

SAP2000 v15.2.1 - File:131115 B341 Increment | Model - X-Z Plane @ Y=1352 - Kip, in, F Units



Lo

P ._h _
— [CLORNTI-TFT-EoN
! ' . *¢ ]| (dfiL) uoins0 N _" " bﬁ — eARIE o4
% 50— | 5oz tma 5% | apon; o |1957FE7 mw e __ __.: 3 N&mo Teadone s
" O |ﬂa.,. @\b P e i} ._x.Om: ON._ .wm )90«4: o !
| O i Bepr QU X : X o g .u_..omuv o o«.u\ﬁ _N.\ - 02 o« __ _Mrmmmﬁ. [y @m/ﬂn_H_J“w
S A S ;= S (1 ! | CA T i I T
L Somoe b C 2 @».\r six0¢’]
5 Hie e 1% [5% _=N_ FE 4 L3 _.o..ﬁ.vu: o7 or
: siong A. :czwﬂ.u:ﬁ l1oM "o m.\.u:a% =Ss+ m..G:Q*
(O (OT Rmvi.i
! \Fy/ 3o, ¢ &9
@ & || -
1 1 1 I 1 T ﬁ ¥ I I I I

mwv ﬂw @ =8 131000 M@

BN NOI1ID3¢
PR AV S @ 479 X, 1¢

' Pyl y 502 Jof dh,
TUOILDDO] 9ADD(E SO,
&3 bmg 05 PARaS JOJ

- " b N X 4 THT i hy -
Poopoogs ° |l bosd : - - : SO, s =g - - : \-01-3 bma 93¢




¢ C
_‘ADegenkolb

Subject: Job Number:
Job:

Date:

By: Section:
Checked By:

Page of

LVALUATE IN-PLAVE SHeAn CINY @ BASE oF PRAECAST
SHEAR  FpucTT00) 14)/#7 Cr ol To SLABR

_/4’*, = //.Z/{b = S&éd

] . .
- E = j—, x yots =97 petute R
6 DEUMeERT7
IN AT
ISsumE NP =06  PRecAS7T a7
INTEr 7eom AL KOMLHEAIET

V.= 02.% 2%y 0.6 = 2.5

EVALUNTE AS Fopce  con7holtey

CHEAR _Flicman (@ BASE OF CIP LALSS
#GC @ 2% 2¢,

9" Mook 70 FroN

19" STRAGHT DEvetopver7 InZo AL

L, = h2l,= 7" <T" ok - Hor peewry
',

QY =324, = 20" ; = 'z‘j

’));-; D" x 3655 ¢ Lo = JITH
-1

ComPARE T0 1-#4 e 18lo.c. = 2.3/
FuLey DeLddem



C C
_,ADegen kolb

Subject: Job Number: Date:

Job: By: Section:

Checked By: Page of

CHECK 5286, AS DINARASM @ BAsE oF LiplS

2/ NC AR u/ X6~ 2/3  WWF
‘FL: 2500 ‘P$‘{

—> (H.04 lal/ﬁ[‘

Veg= TVI5x 2500 (7")(/1’9 = /0.3
Voo = 4575 x 0,06 m'ft6 2|15 = 4.5

A
Voo = o384+ w2t = 2y

MAXimyr~ SHEAR |7 © 7PEAST fhost fASE
Vo= 32 % &tasac e

N = SUH > 32 M/ ok




) £8°1 v9'0 6T'T [sziT [es ST o1 T 6651 69 €61 9 851¢ A-3T-358 (k43 y'ov aseg |[BM 183YS p-€ ) aun
[4401) 0E'T 110 61T |sZTT |[£8 S1 (3 200 66ST 69 [13 9 T9€ X-31-358 07z (22 8seq ||em Jeays p-€ ) aun
10 6v'T 6L°0 o/t |tgzz oot T4 [} 01’0 9TLY 81T 8% 9 L8€S A-31-358 0z 6L aseg [[EM Jeays £'Z-T ) dul]
€0 16'T 120 o1 |18zz oot 14 [ £0°0 91Ly 81T 871 9 62v1 X-31-359 0 6L aseg ||em Jeays £°Z-T ) aun
vZ0 (i 150 60 |¥99  [o6 143 01 0Z°0 0S¥ T 16 8 7201 A-3T-358 0z €1 aseg ||EM Je3ys [ dur
9T’0 66°0 500 60 [¥99 |06 43 01 €00 oSy [44 1T 8 %3 X-31-358 0zt €12 aseg [{BM 183YS [ aur
S0 6T 150 60 ¥99 |06 43 0T 70 oSt 32 10T 8 [3333 A-3T-358 (k44 €TC aseg [[EM Je3YS £°H dulT
LT'0 201 600 60 [y99 |os 43 01 ¥0'0 0sY 4% 9T 8 181 X-31-358 0t €12 aseg || J83YS £°H au
ST0 6v'T LS50 260 [v99 |06 [43 01 £2°0 oSt (44 101 8 9€TT A-31-358 0z €12 aseg ||eM Jeays /'3 aur
LT°0 201 or'0 60 [¥99 [os [43 01 $0°0 oSt (42 LT 8 961 X-31-359 0 €12 aseg Jjlem Jeays L4 aun
Y20 St'T €50 60 [¥99 o6 [43 0t 120 05Y (44 £6 8 9%0T A-31-359 0z €12 aseg || Jeays J aun
LT0 €0'T 1T°0 260 |v99  |oe [43 3 ¥0'0 0sv (2% 6T 8 ¥1T X-31-358 0z €12 aseg ||EM Jeays J aun
ot'0 8€'C 9,0 29T |otvz [991 8vT oz 020 SLYT 66 6V 8 £0SS A-3T-358 (k44 00s aseg ||em Jeays 3 aup
SE0 €17 150 29T |otbz  |oor LA 14 £1°0 SLYT 66 62€ 8 L89€ X-31-359 k44 00S aseg ||EM Jeays 3 aun
SE0 80'C 90 29T Jowvz [991 8yl oz 10 SLYT 66 867 8 6EEE A-31-3589 0 00§ aseg ||EM J83ys ) aun
820 69'T L0°0 29T [9tve |99t 8yT |0 20°0 SLYT 66 sy 8 105 X-31-359 (k44 0°0S 35eg |[BM JE3YS J ur}
€50 LT'E [0 8.7 |sett [os ST o1 S0°0 79¢€¢ 201 (1T 9 OTET A-31-358 S'ZE v'oy 95eq ||leM Jeays p-€ ¥ aun
80 06T 20 84¢ [setT [os ST 01 200 7962 201 9€¢ 9 66€ X-31-358 %43 v'op aseg ||em JBaYS p-€ v 3un
[Z40) St'T T€0 y1't  [t8cz  [oot [14 13 90°0 1687 €L 981 9 880¢ A-31-358 S'ET L'6L aseg ||EM JBaYS £°Z-T v auN
770 67'T S10 1T |1877 |00t ST o1 €00 1687 €L 76 9 vE0T X-31-359 SET L'6L aseg |{EM JeayS £°Z-T ¥ 3ul
12°0 vZ'T v1°0 [ EEEL ) £ (K44 $0'0 0v9T SS 19 9 £89 A-31-358 S'E€T 009 aseg ||EM Jeays -5 ¢ aui
€2°0 LE'T LT0 oT'T  |9991 [oor (2 K44 £0°0 0r9T S§ €21 9 vLET X-31-358 SET 009 aseg Jlem Jeays y-9  aun
£20 LET v1°0 Tt [oose [osT [ [¥44 £0'0 955Y 16 9€ET 9 81ST A-31-359 S'ET 0007 aseg ||em JB3YS 3-v v dun
92'0 SS'T £€°0 2zt |oose fost [ ¥4 L0°0 955¥ 16 [413 9 T6YE X-31-3589 SET 0001 aseg ||EM Jeays J-v p auN
9v'0 9L'T ¥0'0 e lsety  [9ze ovL  |os 100 SL09 43 Sy 8 205 A-31-359 S'ET 0001 aseg ||em teays qT 3un
8v°0 68'7 LT0 2t [sewy  |oze ov.  |os £0°0 SL09 [44) 161 8 ovie X-31-359 S'ET 0001 aseg J|lEM Jeays gt aun
0€'0 08'T ¥0'0 9. T |egee ooz €0z |scer o0 5L09 (443 6€ 8 [324 A-31-358 S'ET 0001 aseq |{BM Jeays eet aury
£€°0 L6'T 12°0 9.'T |[eege  [oo €0z |scer  [g00 S209 (€4 681 8 (€454 X-31-358 S€T 0001 aseg ||eM Jeays eet aur
62°0 SLT ST'0 09T |ooge [v8z 89T  [99 700 09€6 yET i 8 L8ST A-37-358 X4 008 aseg ||BM JeayS 7 aun
0 (454 260 09T |0o09E |v8T 89T |99 60°0 09€6 vET 988 8 8266 X-31-358 S'ZE 008 aseg ||EM Jeays g aun
S0 1L 12°0 05z |/916 |osz vl [sz 100 6ESSE S6€ ¥0S 9 6795 A-31-358 S'ZE 008t aseg |[Em Jeays T auN
S¥'0 1LT 120 057 |¢9t6 |osz a3 G4 100 6ESSE S6€ 505§ 9 1995 X-31-359 %43 0081 aseg ||Bm J8ays T aun
¥da (3s%) {ss%) Usa) [lev)s] Gshv | () () [waio| m [(x)peapd| (izo10)/0 (w) (W) 30w | axenbyuea [(y)yBen| () ) uondg
ainssaid | w/s/W | v/d quid | yipm A)ISWE0| 60 ssaudIyL y13ua
1e301 quL lem
Aajes ayn 8 =1
19 = 3)qemoeb, € = Ayode) Buuieag |1og VT =70s1D
#93yo aanssaud Sulieaq ||0s 10y £ = 10308 9-£ uonenb3 €1-Ty 305V MZITI/I0W < ISN6'0
:Ag paoayd
iuopasg NWY :Ag | luswasoy) Lyed INTY qop
€1°'21°C1 9aeqg 106819 49quinN qor mxomco\bl qels Buiwing JeAQ Jlep Jeays 8jeiouod :Ja9fqng
0P06'2L2'01G Buoyd

ZI9v6 BiLoED ‘puene0

4001 Yi6 ‘184S ABID 00EL
1a8ujbuz qjojusbag

n_ov_cmmmldo 4




oo | n ~ NVId NOILVANNOSA

XOJ. nnd [ &30 rm.‘v TERT T ToF - |
1031313313 ool d 3
- [ { TTione r_r ﬁ.hu.ur
- & L. - - g 2 ¥
: ¥ 3] E
@ (S o SO sol® soe 8 5019 s'o12 o S602 609,
ES
E:
0
. “w
3 { i
N
& N P pEs 3
Mz G
A |
obZ 9] - IS
oUD fw. n.v
il = oFsIoT] 931 | d
i |
‘. | Auf
bo- ~,
z 3
oCPIS 31 - HEe T LVTEE it i v
A NG = 3
- OO 31
I3 R — e I I AN B S | 1 I —®
.. R % CH]
ot 1@ 5019 s 501 5012 Q S0 =) Sb09 5609
i i | !
3 5 i
el : _ &
soudwod paurjuolun - Nft i — - " - § J—
450 'hLsusp hug -aQ ; Oov2 3] 9% 31 . O0F% 3T\ L95Ei% 3T ) 37
S>49d ' fup{uoDd J2LOM -OM g i b
PNilp OL SMOIG JO LIGLUNN oD = g
\N.\m SPqwny dwos N ~ w.
o Sy )
2 AIA o BT J .
|
[ ! = i 1 FoE | ol &7
r H h : - 5 c
L “ OF T 31\ d LR N
H L99¢o°31 ECEEH R TETER SLEro 31
oo ool ©'0I9; oo oo o' 1 J n N N
——0z o 1 T | i i | 1 mu”
= N .. m ] m e | pa ;8
wfmory so N - = L2l ﬁ. 23] mn...m._d«.dﬂN o : = 2y O
s N ] T == py—— g g i o ! ¥ 31 131 6.
- ] 5y T ool ooty ool o'oro
* © 5 . ;
L u»e.“m H - F . _ 3 S X ® 23701
Ao ko X s & . ) (L E AT CE R ]
#udp hISA o 2 & . 2 2y ' e oy I
oroiE Jo ] L b3 s, . W 95%iD 3T Tk Bt N A [
529044 yiim L3fsmore 05 N .| “w ool ' - 3
ouos Askos P1 2j0WoS N I~ < i S ! . A q [ooIn
umosq 4| . < iy c-r-5 r=4-o -t-o =-F-1 s e
‘wopasuad 9 A | ] = — -
Govgnn o B @II- = = === = % sreioal | BE™ a1 ﬂ..ms.&/»r 'y
s hoh - = - 5 . 5 3 . . . < g N
HE osg oom [l 3 ol AV oo 1] oo Lo o e,
lwop 'ssusq t\n;nuo 2 N = w v ' e ool (4T
“t 2)dwos z /
el i S T 55931 S
hop Arpis  OObL-Mn s - o-z .
polgmioe “wide [ S -
e i b . 0. .
o 18 huan Lafsmoe os Y & 3 ;. 6, %
/.II -t adwos N1— | e B CTTE . ’
oo8s- L #1931 FEo 3TN LTTET 3
yor-aa |4 | = = 3
’ 12- om W e : i L)
w Hjsvoig el L t- n L3 ! Z = Wmd
R L . - iy - - _lmj ! [ " sreo a1l 4 | ; i _lnl_ 8. @
\ 1 3710H /uwwuh ns ] il anauu_mm_]; rL coFed ||| T oowmar ru
Fik kil of - o'HD (=T O 12 o2 o' oo oo OO oo
bl \—— hopo hyprs hasb TTion A ' _ ! ? 5 i i
-umoJq Y1op of hoib - y ST 17 e 4 .t o 7
M bk e | _ . FIp™ i e’ LTI Lo L BE|
207 _ |
NP SR e e == e I = s
r . @ ©, @ ® ®




zot. @
3 3
L ! ki) 20
.x:?.’ . . i
AN
’__ 2 - — T
£ . & Sl
B I o i T 3 !
T JI'—_ o ‘a~ ..‘_7 T ~ 't;J N .
= 1 i = @ o= 4 ‘:I
.5—— e ‘o ' . ) s
2 ‘\~4-l¢x’t:'AB. $ 3#43 T s s
4 - - " proJ., 3" —d. x 25" AB,
' 4.:“4;4 %":“’d-F”' ! 5'?:1’9.1. 3" Thread,
cols. 2:82.C 2D,
4-thpr3.cA8B,
G pro, a
| Thread.for
T cols. 2.€ Thru 2J
PLAN
PLAN

e

Ay

interior conc.wall

|
|
L

4

|
f

T‘}/ Precast Panel
|

r4b

i

COL FTG 3-A£ 3% (OPR HAND)

3-0 3.0

FOUNDATION SCHEDULE

FooTinGg PEDESTAL
oL, SIZE T gemnForeiNGg | size |veer| W | Top of
MARK | N-S EwW |'IN N-5 EWIREINF|FT-IN| PED EL.
1A [ 5'o'xs5.c| 2’| 10-*5 Ew, 12°¢12° | 4251435 [ gig-36
1-8 [ 5-0'x 50’} 1Z ] 10-'5 ew 147x 12" [4%5 | 4.8
1-¢ | 5"0'x 5" 12°] 10-*5 ew 4217|425 143
I'D [ 5-0 % 50|12 | I0-*5 EW. W17 J 4*5| 435
ILE |50 x 5012 | 10-%5 ew. iz’ T455] 33b

I-F | 80« 5.0 12| j10-5 EW. 19 iz | ¢-°5] 33,
-G | 50 x 5-0°] 12"} 10-*8 EwW. 14 <7 | 42s] 3'ab
I H| 50« 5012 [ 10-*5 eW. 4z [ 42533,
1-J |5:0°x 50| 12 | i0-*5 EwW @z | 4.'5] 3-3b
1R 1 5.0« 50l iz 10-¢5 ew 12 <17 | 4°5] 3.8)
la-A [ 8- x 5-0] 12| 10-"5 ew. i2'v1d | 455 | 4°2%
o-Cc [ 40~ 4.0 127 5- 45 EW. 20%12 (4, G] 4.3
la-& | 8-0 » 5-&| 14 s EW 18214 | 426 [33F
tbel|sox s 14| 11-%s ewW 418 | 4.6 3-3
Ib-r | 556 « 5 | 14 -5 &w. 19" x13 | 4.%6 | 3'3

b6 |56« s& 4| -5 Ew 418 | 496 8.35
I1b.H |56 x 56 [ 14| 1-*s ew. 4'x18 ] 4a |32
by [ « 5@ [ 14 H-*S EW 4«13 | 4-%6 | 2.3

bk [&0x 5@ | 14| 11-*5 &w, iTx18 446 3-3,
2.A |&-0'x 6 C|I&] 6-'6 EW 12x21"1 4*¢} 4.3
2B | 770"k 7'0°| 18] 12-*6 EW. 20x21 | 4*6| 4.35
2.¢ | 770« 70718 12- *a EW 20x21"] 4*al 4735
20 [ 70 x 720 18| 12-*& EwW. 20297 4*6] 4-3%
2.6 |70« 7o i8] 12-'e ewW 2024’} 4%a]| 435
2.F |70 7O 18] 12- " EW 20x24 | 4'@] 4.3

26 17-O'x 10|18 12-*& EW 20x2¢4 | 4%¢] 4-3

2H [7-O'x 7.0 18| 12-*a EW. 20v24’ | a%c} 4.3
2. |10 10|18 1z-*e Ew 10x26 | 476 | 4.35
2K |60« 60]18] 8 "6 Ew 42721 476 [ 4.3b
3A |60« 80|12 ] 105 W 1% 14| ¢*e| 4790
38 | 5.0x 502 | 10.°5 Ew. L214] 4% ] 4.9k
3.c [ 5-0x 50112 10.'5 EW, 1§ 1% 4*c| 495
30|50« 80l 1Z] 16-5 ew 14> 4] 476 | 4-9%
3.E | 5-Ox 8.0 127] 10-°5 EW. 14141 8% g4-9%
3-F 1 5.0x 5°0] 127] 19-*5 Ew 4141 426 ] 3.9,
36 150 5.0 12| 10-"5 EW 14 14| 45a | 390
3-H | 5.0» 5-0[ 1z | 10-'5 ewW 14147 4%c| 3-9;
3.0 |]5.0r 55g] 1z 10.°5 ew 4 id | 4¥c] aqh
-k [5.0x 50| 1Z] 16-'5 Ew 1T 1d] 4] 395
4-A {5.0x 5°C| 127 10.*5 E.w 12 8 425 | 495
4.8 | 5.0 x 8.0 12| 10-*5 Ew 1412 a2s| 495
dc [5.0x 50 121 1©0.*5 ew 1§ 17| 4" s 4.95
4D ]5.0x 5.0 IZ| 10-5 ewW 112 a¥s] a7y
4 150« 5%0] iZ] 10*5 ew 14512 44s] 3.9,
4f |50« 501 12| 105 ew 14 <127 4251 3°g,
46 [s-ox 50 | 10-%*5 E£wW. 12| 4f5] 3'95
44 [5-0x 50| 1z 16-'5 EW 14 <127 4% 3795
4J [5-Ox 50| 12| 10-*5 ew 14 17| 4¥51 397
dv 5.0« 80| 12| 10-"5 EW 1Zx12] 4a*s]| 4.3%

Starr Footing | 3-0'x 2-271 12| 5-%4 E.W. 14'x 147 4-*s | 4-8'] 14"~ 8"
|

7~

L




C C
A;Degenkolb

Subject:

Job Number: Date:
Job:

By: Section:

Checked By: Page of

CHECK  FOUNORTeoN  BEAB/MIG Press e 21

o Mo FonOAToN @  fLEIKT PAVELS - onty @ cg

« PER AE Y-(3 PR FAKED BAIS st
EWRATE Soi. NS LEF8 /A 75
&p/\/'ﬁlob&@o to/ M= 3.0 (LS>

e TV CoL Frps:

urs 1t 5xg! e 2: §'ve’
Uire 4 ¢ 5'4 ) '
Lwe A gles!

Une o glas

o TYP Cip WAL STR# FT6S - 210"

LOUNGETON _PRPATIES FRR Syt Plegswle cHezks

Line ]l (180 L,w6~ W0 - g'ys F765)
A’—- J0 X 5)16 7250 s.F
= TAA !
= 72415 sfx [lo +3z> fSD r?o +‘10]
= ﬂ——lqso‘i & g e’
LINE 4 A-F 100 Lowg

A= 6% 5x5'= |50 5L
S= 72x15sf« [WL* 351*5013
50!
Live 4 6-K_ ¢o' tonk
A= Yx 15= /00 54
S= 2x15 X [1()7'»31"L = bbb «'5

Y0t

= 3500 (t3




C L
_,ADegenkoIb

Subject: Job Number: Date:

Job: By: Section:

Checked By: Page of

Line 1 (5 Lowk)
A= Bréxt's 190 st + x4 (2-7')= 18y st
g = 1x 3sty [ZbLf ‘/b”] _ 3
Gy
UVE g4 (08" Comty £ 2" Srem)
A= ’L\xmb‘ = 200 st

s = | j00)x2" 3333 £’
6

Lin€ Ib (10" (on6)
A= 6x55%SS + 5e'x(2-55) = 324 sf

3o S

&= 2x s shx [ 8] | g5 40
Sof

UUE’/“V*K | -23  (2s'conn)
A= 4xs¥B'= 100 SF
S= 2xzsst[461+ ‘/Dﬂ — 228l 463
Yo'
live A—#K -4 (‘/§(Lo~6)
A= 1xSxC =co st

)" 5
715/




C C
‘,ADegenkolb

Subject: Job Number: Date:

Job: By: Section:

Checked By: Page of

LnEs C & (‘;’o'&oﬂs)
A= 3% ¢ #5'r 5hs b Lk (zsh <) = 1 st
S = Yastx 26 ¢ 155k 25" ¢ (‘L)@Z"‘ﬁ‘)OZ-S)"**_)(ﬂﬂ
) |

15/

= 14
Unes EF £3, 3¢ T
A= Tx3’ +‘Lx2‘xlz,‘: 905+ r F76 RETehAN
5= urhe’ -’+(’D[:z'x;z’x ,,9,717']
'1— 4

10,3

T

ALLOWALE D/ BEAR A PRESSURE

i”"" =3 CLﬁiu-ow
| CLﬁLuow NOT L™  MHoseysTe

T/ PEfme7sp- F76: (Lo /ZaDF)
5k = 15 sk

Povor = 200005 L yfef = o eoo#

Pwm = 2Y x2» ng,s’(’ = 236000
PTOT = Ygé 800*
Al 18 st
SAME FODTIG AS M A o 27 6" e s
t
OLMM - 10%)7’5"‘9{/750 = 72502 f’.SF

ConserRVATIEL) VUSE 2000 PsL G qumy




C @
_,ADegenkoIb

Subject:

Job Number: Date:

Job By: Section:

Checked By: Page of

\ (
5\‘55 i~ IL, FTQ w/ 10-%S £.u.

) K YodASx loxo.3l
Mp= (40 quLS?(lD £ 0.3 m"> (4- (D) (082549
= 1200 f=n

Typ- PENESZAL = 5 e
\ 11 [
Mk=@-‘°“0'5\<‘f\)u>/1 1300 /1”/’
(/")l«, - 5{,/F$P
Vo= () @ V55 = 5yt
V= (5T < s

wk/__- gﬂé k- oF

1

Ponctiv  GpEPR
Vem Vs (gg_g‘+e"+ w7t 9"

lu‘l\t ‘T____,/../
DM)” b,= =~ 88"
Pt
\/c-— 1505 = (5 x5 - lxl.n\} W
b= 667

i

_—



Evaluation of Precast
Concrete Panel
Connections

December 2013



Z3pIS-¥da zopis 1 19piS- ¥da T 9pIS () Jeays eansap {3/%) 2eays y Jaquiny |aued
-Aedey | -sso3rauuo) apis - Aydedey| -si019uu0) euojzuoy | |eauozuoH [IySiaH jdued| yapim sued

J0392UU0) §0 JaquinN 10193Uu0) 40 13quinN
sdiy g'g =Jawo) @ 100 dM-1aued
sdny T's = Aoeden uuo) 100 4Mm-lsued
sdiy 001 = AyoedeD uuo) |09 papIs ajgnog sdt 0¥ = Ajoede) uuoD |pued-jaued
1" =20:10 ¥’ = 20,10 Aq puewsp [9pow SPIAIP 810§818Y} ‘Pa||0UOD BI04 BJB SUORIBUUOY [dukd JSEdald
:Ag pav29yd
-uopoag NIV Ag | Juswelou| Lyeg INTI qor
€212l -9eq 00°'CL0681E9 ~19qUINN qopr SHOBYD UOOBUU0DIBIU| [BuRd ISBdald :193lqng

100} Yi6 ‘18ans £eld 00E L
siaaujbuz qlojuabaq

Blllo)eD ‘pUBNED ’ D _ Ov_ Cm mm Dd“



‘ | (abova) | I
@,_ H -—3h ._ ?ﬁ(
e~ ] Tek
G— | | | | o5t

@.__ | e S 4. 4 - | t 4+ A sh,

| 4@ | | i ! l] L] fe
the
| Panel Mumbersé <_3Lf> L £ 49 <7|_;> 1. :Z?Tou

(Typ) _of



YPL20-1ye-S2927d

" ; D
Q!...l YIRNOSIIYD ‘v ABVINGIG AYM 24000HYS 11T

e I N e

9-62-G BN UL

NOISSIWNGD ADUINI SIWOLY SIAVLS QILINA

vINIOIITYD 1I0WNIAIY
P81 ON INIQIING HOEVISIY ADWING 07504

4.6

SNUVLIT TIVM INOD LSVITud woru3alx3

0411¥3 * UL OISIINYEL NYS LDANIT 12NAYN 113

111n8 SV

(UNVYH dd0) &2 §1i 1INVd

$LI3LiHDAY
NEELZU-NI1TN-JNQANINII-NesSLINIYY

NOISINT S

| auva] av

SUOHIPICD  HInG by

Paers| ¥

s1auod W sbuado jo
SUONDIO! PUD §3215 (b AjLIdA jIDYS J0L3DI4UOT I
o pnis
2u4 4o do} sy} vo buiibaq sjoy poilols syl
Upim PIPIIM pub pauoisod 3G [oys Y DI}
FYL 4DIYM 121D YSal) pauoilisod g joys
SHUIWYDOLD PLoid LWNoD JOJ $1]OY PG bl
buruosutas s
SIPSUI IO J4L J3AD IOUBpPdPId Ix04 jiDysS
SUOILDD0] js9sul dnydid 'S3uReRjipsutl jo sOI Ul
‘so1buo di>
£ burppm 1o s1OG JO buia jybiy jpuly Pu0)9q
UDILISOd Ut 39 1{BYS ;oM 2ULUS Dy J9AIMOY
‘P{IVIP 1 PUDD LUDIOrPE Py} PID)5q UWNIOD
$ii 0L paYyd0iLo ABunoec 3q yoys auod yaozw
. yPpLIq Juiod DI} joydso
wHm paLuind 2q joys $3bpa builing sy
43y puiOr popINowdid budoid of Joud jsnr L
“$42SUI Inxd FQNOP Y20 Sroqo Puvapisur,
PR20jd 24 10YyS S40q bUIDI0UIRL Ob YD, oM D
SJ2UIOD JUDIIUD
=34 PUD SBUIIRHUC JOOP |1 JO JPUIOS Y20 LD
AoUObDIP PIIPLUDD 43 5B Obrd.L 20)g ¢
dN 3204 FPISLNC Yitm 1$05 5q 1OYS. sfPueg y
UOILDLPOY) 10 Bujiys {usad.d oL.sp oF LUOHISOD
U Ay umop play 2q [1bys pup s[Pund ay; Jo
904 IpISUI AU LO YSNLY PIL S4IFSL AYid Iy £
F9D) J014BLAD Iyl Lo &1 §PuDd Jo buiioTs 1y T
Buipjing syl Jo spisino
Y WL PIMDIA QD $PUDD JO SUOIHLDADD |y 1

$3ION IWVOINID

@]
©@
@

@l‘.
@l’

o
@~

»|02% on

NVId A3~ o

</

i

AnANNNI
|

ERN A AR A

(dfy)

@1_36:2 1ung

S 1INV

-

{QNVH dd0O) b2 7O/ 13NV

©F

‘UUDY 1OM JoLRiut s0)
RIUC92 [900d ) © 276 05903 9

R ea———— - 215_

i $9-01 __u R T
3o X P X T ¥-01 .
hied o 7,1, Lhmr o 3 -2 12ueg
T ! Y
IR I k]
9 ® - -
! w
0, i . ¢ LY
i 6, : oc_@n_«um Ww %w “dat
B 1019265 fo Dary ——x,_ | 82 A% .
o 453
. :
® [ u
@ 18
3 lm
. o
Lq, ﬂ,
g [

$[05 @ (03Tl O:VE< OiF DEIOAT §
@ ES

[

BV e darods 9 |

(QNvi ad0o)
kL

bitb

€9¢ 1INVd

3

R

=27
VK
U

7L

B
W.U

b2 urvws (Or) @

L

o1 TINvYd

1-713NvVd

.*.m -0z

JioiSapag |0 &
UoIIG, SIS IR
S0i8apad (o0 1022
d ©; pbas £0 s8I

mnng

daop m_ 1o2:dhy
s

28

=

=gy

Op20% @ SWodE @

WU jiom JORL 4o buroods

w

oF ]

bOEL

.I_rw» £
T

01

oF

o8

Ao £, fau

2%

oy

&L

burods
&

tes
i
T

(hiuo z 1auddy

WYOD [IDM JO11Rdtr
¥ 05

R0

c
b3
vl

=y
O —

oS5

Y

3_»«%.1“.
} -

ahy
of

gty |
G

oDidhy

Pl ]

O.pi-.OF @ sSodS G

s103 © burods

o~ .,+

3500

N h..q_

L5

§IINvY

Z vunvd

8




YPS20-re-52271d

Ve

FA

STVLIC 1TYM INOD LSYIIBY BOIgTixd

NIQIIR-NITIN-JUDONIRIT-NOSLINAYY

YIRIO4IIYS % A1TINSI0 A¥A L1083MVE 1117 3 “seynnniy fabn e on Aw NOISIAR S ivajon 9-62- 4™ Y

NOISSINMOD ASITNI JINOLY SILYLS GILINA e | 2y ey N it v - I ! f 628 b

TPCTYITE) Tvemnimy ] YINIO4IIYI 1L 03tiaNves Kve aveLs iaave per | weupaed Hing fv |rees| W 1110a ¢yl

YEL CON DNIGTING NDUYISIY ADWINI GI51N4 5L
SUIINIONT » SUDALINDWY

‘5103 @ bur;
!ﬁ_i' -~ osiof

oz

oy

21391708
€2 13NVd # @ s ° 7T NoHL 0z 1INvd {@NVH 9d0) 61 381 T5Nvd (A EDT]
ﬁ T awer ! I—— I ez _ LR
T NI + 30t 7 P e i 2T T os r— 2.6 T
e T YIS e IE22 1] =
T l_r_. ! - ﬂ.* Imw 3= ey T T i = T
“ J il = e W LS i = _ G L m_w
. b © S Nu,.c:alm » o by ¥ e Ty - )
% _ . 40} 6110954~ P L T, k
o I . sl o & o o ale 5 J Jums tuoy of
0. I by ey . . i ] = R @5, puslan
e 3 I jp— o 1 * - o 5 1
B 5 18 @) N S T 4 8 1 3
LY suiph - R ' _ ~ _ o H 4 H
2 N & an & oif
o0 ) g Gl . - = o - o 1o o 2 af o
[ N = ‘ i o I 5 o 3 it
 , o "ol ;L " - o uogiouns | Wﬂ.,.:ﬁw_ 4] “
-m e s 2 T
o 4l X ! _w: "y ) 1o ﬁ 5 g5 by 5 ﬁ
— —- T . S EoLE : !
4 4 fAjuo fwo 1z buag | © .
» 2 I3 _5 gl Z ~ucnl/ - Ul YLON ) - w f=] ] L 3
0, 4—:. ~n I o u Y n_ 3 _Pﬂlﬁ._ ntu.mc.‘.w o I\u ot .M | +v. 0 nite o o u 5 2 o r._l
& ¥ &) 7 : ._uw” D & T !
3 _ -t H N fiuo oz X TPwow pond T
"o 3 n* 3 i vE
- mwvuw...c...- STIIBIES T O% 0% o T ¥ 17ued h..%mu%vcﬂﬂ m.d. iJu T
T k30 CEa ET B m 5 You ™ o
5 3 5 k
CIREGLZ]
- FE07
.o N CEne
ﬁ.m. 5 I ¥ 3
8 & i S S
S, T——rer 5 (ONVH 9dO) % 7 1 13Nva TaNVH dd0 )iz 3 2l 13NVd
. o .5 il
R Y Y £y .
2 T = y
a P i wig _ i S, .*ﬂ..ﬂr \u -mﬂ.ON
% T a < g e W T 55 5b
T 9 dﬁ & ’ 3 Tﬁw_,. B
ol_. —tezioe PO T RL T == T
i e R
©or 2 N T } o
2 @ o i . B t { L.
- 5 O 3P @ A |1 5fe |
(ONVH dd0) 92 3 21- 13NVd i o " 3 . 1 | A 0,
4 £ <46 »
N k- —“+— B . .Th»!—. - o . m.u 1 .rm
b-0Z 5 { )
rpucd jo 330} *.. 4 | 14_ [ | mﬁ wm m
PIEHNO uo S LizsUi—LT ooy |_. 5o 2 RV- SN - S . L O o mu EY. .S
ot P gkl " _ 53 iy 5 13
. g LW 7 5, ) : t > gl& B o9
_ e @ ey bt - ol 4
Sof Im et 3 o o
ME ol _ §
= @. B I | LI
5 fr———e— At - - + S B E 'S
fﬁw@ " & i ol RN
L iee— > N - . i S — . t
R -ant ! I - S I S S B e &
-0.;”"- £ p Iq'J _ _ b . 4 » T .{ 1 A ”
A _ g
m R st W“ i ﬁ B ST 3 wEE L L Ch 2Bl Covios e seondsFT
_ E53 FeHE at o5 .m».é oFg [ s ._u Rodi T |
T e ¢rat i R
& gt K b ‘ :

®




L2 O-1pe-2221d

® G)

] YINIOIIIYY b A3V3XN21C A¥A AJOIINYS L01Z 233 RN B WH
Von NOISSINKOD AS¥IHI SIWOLY 51A¥LS QILIND Y N R p— = 23] NOISINTS [ auvo e O41LE TIVIS o8 3wss
® YIN¥O4ITYD FTTTTITN YINTOUIIYD C 1L OISIINYVES RYS UIIBLT ATNIYR PuL L e .w.!_ £0lp28400 WIS BV ro-ces| W 7 - - i !
m Mﬁw FEL CON ONIGTINE NOUVISIY ADWINT ADSIN Xl o =i o1 =4 ° s 2 i © st oi <
o Loy, SUTINIONT « $UIDILIHDAYV “2!.
$71V13Q 1IVM DNOJ 1SUD3ud ZoiwILxa| NIEtIN- . . e e e —— SvISIosa 05 9 NoOIIoIE
o HUAEI I e L e ANNOILD3S $700G & NOILD36 OG04 @ NOILJ35 VIS3030 105 ® NOILD3S
30y 974 [proes oz | .ﬂm‘
ooy A i ©oritg 21056
: [L1tng sv P— SNIIa VIS0 .
cooyuD COREGET] === VN2 FIOTS IVIIdAL INIOT TV21dAL 2P ey
CORIZLIES  eg aug - oS u@ S — T j! 1
A oo - £y \la.m-nq on w0y puIY N dne.oy puse, | g L
_ FF uwn_w.uuhvn no Y e oy I ¢ &, o by ol Y
i A . 7 io. S A i
wWIoN ..& uva @ @ ‘o d B g |Qw_muu.m_uﬂu diys bumaoq T 26} uv.!n:r. ? uﬁ\u:nu:. dbym 4_ I F ] 1._“ ,*l.i L
u...u_oq.ww fresc i) | duis ?.:..m% ; 1«.. — h_ﬁ %t L : = 18 B 3 ~ .
wnos Jof umoys 1 AN Pl a2 e k 4 quor s00p silj 2o, ] R ehs
©5. pALr SO T, J \w.. : g £l men Suuumm. zeh
3 > ~ t—Leoxdip . . (@so0; drys} wol) 19
KN ﬁ P ki e ooy I ‘= Porgrere ik by s 14
sPpUIg
@.uuﬂuﬂﬁ % -@ 7 F 21410ydeD Ui
Ts0o7sd rme oy § Ppaluind sabp3-
obuini “rvos s a0 -— —
+ == 10l § P ol O:in8 131098 7o NOTLo3% /e NOILD3s @ NoI1o3% @zo_»umv
Tvi3qg STINVd TIVM 804 ONIDBCINIFT IVIIdAL i3/ Y 2
WUo> wmwm& Ofe quuw_ww hMm
- cad S oD
Do n S4INOA @ JudDXD sbuiuado Joop @ :ou dhy 107 .n.ou oM oo nM_W/. 490 22¢ \
m_o. ¥ LS F s 9 Ev..n:».n_s. v.!:o Jurzs BoIp P v.w Y 49801 Shyy ey uth 400 ¥ jrasut ohL 8 wasuidhy Juos 45.3
" 0. /.‘ _.“ tn — + r3 CEEYEC N ~ 1 .
¢ In x - T 5 AR
& :u«s%ca &y z.m.....d.ﬁ_ = e T Ay b 1
= zlﬁ ||||| = rl||.||1“n||.||..l o 5 4zt pom ; “\ CF | oao -
= @ 4 oM U ‘
soi3e Jl«'m @ oz M—soxirpy Dl..uIIL $x 25 Luos 49a 995 ot L e e 2:
3 It Juior wiesy | | Brek
' o 103 osespric o Lx bE| ﬂu NEIL5T8
NOILoES S, [IVA SOT TANVG Vv _DNZH0INETE Twio3d% G/ . w5 1ow
d . L »@ » I8 pev0p apsico @ Fepxineg \m g ”m ..otu.,n 358
.)H_m.. o . ,\IM\ 1A Do viliGe ool |
. u.i o AT 5 S, Bop>oom 11 ﬁ ml
- Eh N . ; £ o1} u :
rréne - \ N M{ uon Leta S uod 4 d T wwoa ey of
_.ﬁm uon JNIF K T Ziop @G»m 206
s Oite R 3jo0s - ou B 038
e Jm2<Q L 13INvVd b 1INV
ﬁ il Tirbl eor q
tire [ | Bue e
L — | AII
s ¥ U 3 lw» L o T —
. T . T =
1TIEe | 5 - o
¥
|k of o u X -
hoind 5. e X
s Bl a s b, I v [ o
6. - o 3 4 .
fer— 3 o | a w
o = — | J b W
e __ i - k3
0 i N R ] o &
It 1 ; '3 i Al g
i) 1 & 4
SIS SN PN ", .jaclL R W o ' "o a ] nm
N S i iy w
o GBS n _l Lo — - u.w ”
n ir — V e o " w a3 ; i ,
¢ b : g
‘ j 1 L i ] [ =) . Y
, m.m
= T i i ) M«_ 3 2 - ™ N
]
i
| :
d 2 g il euevecs
i R . 8 ot oy | B
+ | i ¥
t#
n o |k
Jﬁ % ! (Y
: : ) . i & -
o " . 1 3 " ] _ ) -W.ﬂl . : n ™ " i e
B o < af o« a e 3 T S
b , _ i ! i Lm Y 3 [ i
g & ._. ._. ] H .ﬁ 'y >
x4 L
.ﬁ! prirpFe 9w P ToE T S ot sa00de s oﬂ. K21 ORI TS ohoIodE h
5 - — i~ — = N
Fow R 23 T ot ofF o hiZ oF oF ¥l
) >3 EX3 | 3 3e0 o |
I Li e E! [X72 ;




y |
Subject: Job Number: Date:
Job: By: Section:
Checked By: Page of

HeAST Papct  nSeRT CAAUTY
PANEL - PANEC comn a

34," omt (")
| ;ﬁ% contesy'xy, -

|/ weld tomnsert S

4
" 7" srenp

{"..I"” A= 018754 "
f | EQuiw Rouwwd
B _L’L \qu mserf IZ B 6M=_0. 777
vse V%
Far cA(C.
7 Y, WELD
l/./'/ H" ?'él l 7 Flt'\ll‘ x Lt X q K
‘ /; §J~I [—'% v 075 —'—io——
\ AR Corl, AVCHRAGE
\ = L " [s2)
ACL APPenvDLLE D

X EQUUAENTT TT> TwsD
ANCEOED - ONE @ 25" EnGe gy
£ 2 @ 5.5" ence #57

Vo= ‘/05?#’: (5= SPeD SHT)

S TRAP
DA ) = 215




SECTION

”

I

2

2

¥
e - e L

2inf.

. % ™
I AP N
I ]
*
™~

=

-
DETAILNB/

Raxbxost :

scale: 310" . "y
l_z/“spacer@ éforzzxsxé,

‘}é‘;for AW 3]
1% for 8w 24

>trip

SIMP  flg drangle

-
DETAILNI3/

Edge of 1

b e b e —

>

iap 512"

LB x3 &é.—'*/

GL10.5-2
i

&

ANLE

A~ Y

P SN



Degenkolb Engineers

1300 Clay St, 9th Floor
/8 Degenko
Phone: 510.272.9040
Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Secti
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D
Anchorage Condition:

Location: Precast Panel Connections
Condition: Panel-Panet Connection
Loading: Shear aiong panel edge
Cast-In-Place Anchor Properties: Concrete Data:
Material:| F1554 Gr. 36 v | fe= 4000 psi
Diameter: 3/8" ® v Concrete Type = .Normal Weight v
Nut Type: A563 Hex v | A= 1.00 ACI86.1
Supplementary Reinforcement (between N 44 v i . X =
anchor and edge):. " o B Concrete Pedon'nance.l Cracking at Service Loads v
Anchor Yield Stress, f,: 44 ksi Concrete Depth, h,: 6in
Anchor Tensile Stress, f,: 62 ksi
dy= 0.188 in
Effective Embedment Depth of Anchor, hy: 210 in
Embed from ACI D.5.2.3 for eqns (D-4)-(D-11), h'y N/A in (for anchors close to three or more edges)
Are anchors in group rigidly connected to support? No
Min Thickness of Steel Attachment : N/A in.  (ACI Sec. D.6.2.3, max of 3/8" and 0.5*do)
Embedded washer plate area, if applicable: 0.00 in.? (input '0.00' if not used)
Embedded washer plate thickness, it applicable: 0.00 in. (Input '0.00' if not used)
Embedded nut width, if applicable: 0.00 in
Anchor Geometry:
Anchor Spagcing in Y-Direction, s;: 3in ( 10 G of NEXT
Anchor Spacing in X-Direction, s,: 0 in ANCHIR &R oUP)
Number of Anchor Rows in Y-Direction, ny: 2 J/
S PNy L
Number of Anchor Rows in X-Direciton, n,: 1
Total Number of anchors in group, n: 2 i * o
Y-Dir: 1/2 Dist to Next Anchor Group OR Max. Edge Dist., ¢, _max: 100.00 in % SL
Y-Dir Edge Min. Edge Dist., ¢y e 25in L e
) . . . : Ca
X-Dir: 1/2 Dist to Next Anchor Group OR Max. Edge Dist., Caz_maxt 36.0 in Ml‘ ) J L
X-Dir Min. Edge Dist., c, ? .0 in k ¥
) g 'a2_min: 36.0 i oo g <zt
Critical edge distance from AC! D.8.6, ¢, i
g o B.4.in X ANCHDR G gD METRY~
Dist from centroid of bott group to applied tension load, e'y*= 0.0 in < =L
Diist from centroid of bolt group to applied shear load, e',* = 15 in LAes VI
Can Shear Breakout Occur in Y-direction? Y
Can Shear Breakout Occur in X-direction? N

*Note that e'y and e’y do not account for additional T or V on anchors due to eccentric application of load. They are only used to calculate the y factors
for shear and tension breakout.

Anchor Demands:

TFY", i 7! i il
Do anchors resist seismic demands in a moderate or high seismic region? ( nclude 0.75 decrease on capactly for concrete failure

modes per D.3.3.3)
Max Tension at Conn Point = 0 Ibs Tension Demand:
Max Shear at Conn Point = 1000 Ibs N, = Tension at Anchor Group = Elbs
Direction of Shear Loading = x-bir | :v_J Shear Demand:
Required Incr. in Tension Demand* = 1.0 V.= Shear at Anchor Group= Ibs

Required Incr. in Shear Demand** = 1.0

**Required Demand Increases:

Note: For anchorage of nonsiructural components, increase demands by a factor of 1.3 per ASCE 7-05 Ch13.4.2a.
Per CBC 2010 Section 1615A.1.14 this increase is no longer required for OSHPD jobs.

P:\project. BO3\189\B3189012.00\Cales\Active\Workshts\Increment NWPanel-Panel Connection ACI 318-08 Appendix D - Cast-In Anchors.xlsx Cast-In-Place Anchors



Degenkolb Engineerg

1300 Ctay St, 9th Floor
‘ e g e n 0 Oakland, CA 94612-2047
A

Phone: 510.272.9040
Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:

Location: Precast Panel Connections
Condition: Panel-Panel Connection
Loading: Shear along panel edge

Anchor Capacities:

Note: Capacities associated with concrete failure modes are multiplied by 0.75 per AC! 318-08 D.3.3.3 for structures in Seismi Design Categories D, E, F.

TENSION CAPACITY: Lowest of ®N,,, ®N_,, ON,,, DN,

Steel Strenqth of Anchor in Tension: ACI D.5.1

ON,, = O*N*At e ACI Egn (D-3)
o= 0.75
Age - 0.078 in?
fa- 62000  psi
ON,, = 7254 Ibs

N, = 0 lbs

Concrete Breakout Strength of Anchor in Tension: ACI D.5.2

ONey = O Anc/AncoWeain™ e, N Wep Ny ACI Eq (D-4) Wen 100 Egn(D-9)

ONeyg = O Anc/Anco Ween Woarn ™ We N Wep n*Nyy ACI Eq (D-5) Wean 0.94 Eqns (D-10 and D-11)
o= 0.7 Wen 1.00 Section D.5.2.6
Np= AV ()™ OR Ny = A*16°VP (he)™ If (11<hy<25) Wen 100  Does notapply to cast-in-
place anchors
k= 24 ACI Egn (D-7) or (D-8)
N, = 4619 Ibs
Ao = 9*he’ AC! Eqn (D-6)
Anco = 40 in? (Projected area for a single anchor without edge distance considered)
Ane = 54 in? (Proj. area for group of anchors with edge dist. considered; Not greater than n*A y., )
(Where washers are used, projected area is calculated per ACI 318-05 Section D.5.2.8.)
Nep OF Negg = 5950 Ibs Strength of group of anchors
0.75®Ncb or 0.75®Ncbg = 3124 Ibs
N = 0 Ibs
No/ @M =000

Concrete Pullout Strength of Anchor in Tension; ACI D.5.3

ONpn = W, *N, AC! Eqn (D-14)
Ny = 8*Ay*f ACI Eqn (D-15)
[ —— 0.16 in? From PCA Notes on ACI 318-05 Table 34-2
¢= 0.70
Ny = 5248 Ibs
WYee= 1.00 in
0.75®Npn = 2755 Ibs Strength of a single anchor in group
Ny= 0 Ibs Demand of a single anchor in group

P:\project B0O3\1 89\B3189012.00\Calcs\Active\Workshts\Increment INPanel-Panel Connection ACI 318-08 Appendix D - Cast-In Anchors.xlsx Cast-In-Place Anchors



Degenkolb Engineers

1300 Clay St, 9th Floor
‘ eg e n O Oakland, CA 94612-2047
Phone: 510.272.9040
- Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:

Lbcation: Precast Panel Connections
Condition: Panek-Panel Connection
Loading: Shear along panei edge

TENSION CAPACITY, cont.
Concrete Side-Face Blowout Strength of a Headed Anchor in Tension: ACI D.5.4

ONy, = O*A*160%C4q VAprgVFic ACI Eqn (D-17)
DONygyg = O*(14+ 8/(6*C)*"Nyy ACI Egn (D-18)
&= 0.70
Deep embed. close to edge in Y-dir? No "Yes" if ¢ 41 <0.4h o
Deep embed. close to edge in X-dir? No "Yes" if ¢ 42 <0.4h o
For anchor group , is sp<6%c,,? Yes For blowout of group in Y-direction
For anchor group , is s,<6%C,;? Yes For blowout of group in X-direction
Does failure mode apply in either dir? No Failure mode applies if ¢ y_n, <0.4h o and if s<6”c, (for group of anchors)
Edge distance factor for Ng,: 1.0 Factor applies for single anchor if C . < 3¢ 4y Where 1.0<= € 42/C 4y <=3.0 8nd C 5y =C g ey
Ngp = N/A |bs
Nyyg = N/A |bs (where N g, doesn not include edge distance factor)
0.75®Nsb or 0.750Ncbg = N/A Ibs
Ny= Ibs

SHEAR CAPACITY: Lowest of ®V,,, ®V,g, OV,,

Steel Strength of Anchor in Shear; ACI D.6.1 (for headed bolts)
DV,, =0'N"0.6"A ACI Egn (D-20)
®= 1

Ago 0.078 in?

fi- 62000  psi

OV, = 5803 Ibs
V= 1000 Ibs
Vy/OVg=

P:\project. BO3\189\B3189012.00\Calcs\Active\Workshts\l NPancl-Pane] Connection ACI 318-08 Appendix D - Cast-In Anchors.xlsx Cast-In-Place Anchors



A;Degenkolb

Degenkolb Engineers
1300 Clay St, 9th Floor
Oakland, CA 94612-2047
Phone: 510.272.9040

Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchoraqge Condition:

Location: Precast Panel C cti
Condition: Panel-Panel Connection
Loading: Shear along panel edge

Concrete Breakout Strength of Anchor in Shear: ACI D.6.2

Note: Assume all load acts on back anchor, and check anchor group. See ACI 318-05 Fig. RD.6.2.1(b).

OVep = O Av/Aveo Wea v We v* Vi,
OVing = B A/ Aveo Weesv*Waa v We v* Vi
Vo= N74(/do) Vo We{ea)*
A, = (Based on geometry)
Ayeo = 4.5'0“2

SNn*Ay,

¢= 1.00
= 15in
"Vc.v = 1.0

Shear Breakout in Y-Direction:
Assume all load acts on back

anchor (check group):

Ca1= 5.50 in
Vo= 3748 Ibs
Aye = 99 in?
Aveo = 136 in?
Weav= 1.00  Egn(D-27) or (D-28)
W= " 085  Egn(D-26)
Whv= 117 Eqn(D-29)
Vevg = 5409 Ibs
0.75®(Vcb_y or Vcbg_y)= 4057 Ibs
Vy= 1000 Ibs
Vol OVen s 028]

Shear Breakout in X-Direction:
Assume all load acts on back

anchor (check group):

ACI Eqn (D-21)
ACI Eqn (D-22)
ACI Eqn (D-24)

ACI Eqn (D-23): Proj. failure area in shear for group of anchors considering edge dist
Projected failure area in shear for a single anchor w/out considering edge dist

Load bearing length of anchor for shear, ACI Section D.6.2.2
ACI Section D.6.2.7

(Capacities increased by 2 for loading parallel to edge per ACI Section D6.2.1)

Assume load is distributed equally between  (This case should not be

anchors (check front anchors):

considered if anchors in

Cyy = 250 in group are rigidly
Vp= 1149 |bs connected to support)
Ave= 28 in?
AVco = 28 in2
Weav= 1.00  Eqn(D-27) or (D-28)
Weey= 0.71  Egn(D-26)
Why= 1.00 Egn(D-29)
Veg = 1641 lbs

1231 lbs
500 Ibs

V,=
O

0.750(Veb_y or Vchg_y)=

Assume load is distributed equally between (This case should not be

anchors (check front anchors):

considered if anchors in

Caz= 36.00 in
V= 62763 Ibs
Ay = 357 inz
Aygo = 5832 in2
Weav= 0.71  Eqn(D-27) or (D-28)
Weew= 0.97  Egn(D-26)
Why= 3.00 Egn(D-29)
Veog = 8006 Ibs
0.75®(Vcb_x or Vcbg_x)= 6004 Ibs
V,= 1000 Ibs

Ce2= 36.00 jn group are rigidly
Vp= 62763 Ibs connected to support)
Ay = 357 in?
Aveo = 5832 in?
Weav= 0.90 Egn(D-27) or (D-28)
Weev= 097  Egn(D-26)
Why= 3.00 Egn(D-29)
Vepg = 10093 Ibs
0.75®(Vcb_x or Vebg_x)= 7570 Ibs
V= 1000 Ibs

Pi\project. BO3\189\B3189012.00\Calcs\Active\Workshts\Increment NPanel-Panel Connection ACI 318-08 Appendix D - Cast-In Anchors.xlsx Cast-In-Place Anchors



Degenkolb Engineers

1300 Clay St, 9th Fioor
‘ eg e n 0 Oakland, CA 94612-2047
Phone: §10.272.9040
- Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D
Anchorage Condition:

Location: Precast Panel Connections
Condition: Panel-Panel Connection
Loading: Shear along panel edge

SHEAR CAPACITY, cont.

Concrete Pryout Strength of Anchor in Shear: ACI D.6.3

OVey = O*Ke,"Nop AC! Eqn (D-29); for single anchor
DVipg = ®*Kep*Neny AC! Eqn (D-30); for group of anchors
Nep OF Nepg = 5950 Ibs
o= 1.00
Kep= 1.00
0.75®Vcep or 0.750Vepg = 4462 Ibs
V,= 1000 Ibs

Design Summary and Combined Loading Checks:

Summary of Tension D/C Ratios: Ductile Failure D/C Non-Ductile Failure D/C*
Steel Strength of Anchor in Tension: 0.00 0.00
Concrete Breakout Strength of Anchor in Tension: 0.00 0.00
Concrete Pullout Strength of Anchor in Tension: 0.00 0.00
Concrete Side-Face Blowout Strength of Anchor in Tension: ) N/A N/A
— —_—
max 0.00 max 0.00 <1.0, 0K

Summary of Shear D/C Ratios:

Steel Strength of Anchor in Shear: 0.17 0.43
Concrete Breakout Strength of Anchor in Shear: 0.41  Non-Ductile Failure Govems 1.02
Concrete Pryout Strength of Anchor in Shear: 0.22 0.56
—_— _
max  0.41 max 1.02 > 1.0, Redes

“Note: Where a ductile failure does not govem, ACI 318-08 Section D.3.3.6 requires that the design strength, determined in accordance with Section
D.3.3.3, must be muitipled by a factor of 0.4.

Combined Loading Per ACI D.7:
Ductile Failure:

Combined D/C => Combined Effects need not be considered when either Tension or Shear D/C < 0.20
D/C =

Non-Ductile Failure:
Combined D/C => Combined Effects need not be considered when either Tension or Shear D/C < 0.20
D/C =

Check Minimum Edge Distances and Spacings Per AC| D.8:

Minimum Center to Center Spacing = 0.8 in. ACID.8.1, 4d, for untorqued cast-in anchor
Check spacing in X-Direction: Spacing OK
Check spacing in Y-Direction: N/A

Minimum Edge Distance = 2in. AC! D.8.2, Edge distance requirements based on cover requirements of AC!
Check edge dist in direction of shear force: Edge Dist OK 318-05 Section 7.7.
Check edge dist perpendicular to shear force: Edge Dist OK

P:\project. BO3\189\B3189012.00\Calcs\Active\Works} I\Panel-Panel Connection ACI 318-08 Appendix D - Cast-In Anchors xlsx Cast-In-Place Anchors
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Degenkolb Engineers

1300 Clay St, 9th Floor
‘ eg e n O Oakiand, CA 94612-2047
Phone: 510.272.9040
- Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Secti
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D
Anchorage Condition:

Location: Precast Panel Connections
Condition: Panel to WF column
Loading: Shear along panel edge
Cast-In-Place Anchor Properties: Concrete Data:
Material:. F1554 Gr. 36 v f.= 4000 psi
Diameter:|3/8" ® v Concrete Type = Normal Weight ?
Nut Type:| A563 Hex wal A= 1.00 AcCI86.1
Supplementary Reinforcement (between| " _v_' ; = ==
anchor and edge): T C [ Concrete Performance: Cracking at Service Loads v
Anchor Yield Stress, f,: 44 ksi Concrete Depth, h,: 6 in
Anchor Tensile Stress, f,: 62 ksi
dy= 0.188 in
Effective Embedment Depth of Anchor, hg,: 2,10 in
Embed from ACI D.5.2.3 for eqns (D-4)-(D-11), h'y N/A in (for anchors close to three or more edges)
Are anchors in group rigidly connected to support? No
Min Thickness of Steel Attachment : N/A in. (AC! Sec. D.6.2.3, max of 3/8" and 0.5*do)
Embedded washer plate area, if applicable: 0.00 in? (Input '0.00' if not used)
Embedded washer plate thickness, if applicable: 0.00 in. (/nput ‘0.00’ if not used)
Embedded nut width, if applicable: 0.00 in
Anchor Geometry:
Anchor Spacing |.n Y-D!rechon, Sy 3in (10 @ oF NEXT
Anchor Spacing in X-Direction, s 0in ANCHIR &R oufp)
Number of Anchor Rows in Y-Direction, ny: 2 e /Z/_f
Number of Anchor Rows in X-Direciton, n,: 1 BV‘“
Total Number of anchors in group, n: 2 V4 L -
Y-Dir: 1/2 Dist to Next Anchor Group OR Max. Edge Dist., Cay_max: 100.00 in G Sz,
Y-Dir Edge Min. Edge Dist., Cay_min! 38 in L ®
X-Dir: 1/2 Dist to Next Anchor Group OR Max. Edge Dist., Cap max' 36.0 in C‘:\l\ o L L
-
X-Dir Min. Edge Dist., Cap mn: 36.0 in K 4
f y Coramu” S B mmax
Critical edge distance from AC| D.8.6, C,: i
= el X ANCHOR- G gD METRY -
Dist from centroid of bolt group to applied tension load, e'y*= 0.0 in v =0
Diist from centroid of bolt group to applied shear load, e'y* = 1.5 in LA VIE
Can Shear Breakout Occur in Y-direction? Y -
Can Shear Breakout Occur in X-direction? N

“Note that e'y and e'y do not account for additional T or V on anchors due to eccentric application of load. They are only used to calculate the y factors
for shear and tension breakout.

Anchor Demands:
< . . | _— . (If 'Y, include 0.75 decrease on capacily for concrete failure
Do anchors resist seismic demands in a moderate or high seismic region? Y modes per D.3.3.3)
Max Tension at Conn Point = 0 Ibs Tension Demand:

Max Shear at Conn Point = 1000 Ibs N, = Tension at Anchor Group =

Direction of Shear Loading = Shear Demand:
Required Incr. in Tension Demand** = 1.0 V, = Shear at Anchor Group= Ibs

Required Incr. in Shear Demand** = 1.0

**Required Demand Increases:

Note: For anchorage of nonstructural components, increase demands by a factor of 1.3 per ASCE 7-05 Ch13.4.2a.
Per CBC 2010 Section 1615A.1.14 this increase is no longer required for OSHPD jobs.
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A;Degenkolb

Degenkolb Engineers
1300 Clay St, 9th Floor
Oakland, CA 94612-2047
Phone: 510.272.9040

Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:

Location: Precast Panel Connections
Condition: Panel to WF column
Loading: Shear aiong panel edge

Anchor Capacities:

Note: Capacities associated with concrete failure modes are multiplied by 0.75 per ACI 318-08 D.3.3.3 for structures in Seismic Design Categories D, E, F.

TENSION CAPACITY: Lowest of ®N,,, ®N,;,, ®N,,, ON,,

Steel Strength of Anchor in Tension: ACI D.5.1

ON,, = D'N* Ay fuia
o= 0.75
A= 0.078 in?
fa= 62000  psi
ON,, = 7254 Ibs
Nu= 0 lbs

Nu/ONu=[ 000 |

AC! Eqn (D-3)

Concrete Breakout Strength of Anchor in Tension: ACI D.5.2

ONgy = O* Anc/Ance Vau We, N Wep NNy,
ONepg = O* Anc/Anco Woe N Wean™ We N Wep n* Ny
o= 0.7

AC! Eq (D4)
AC! Eq (D-5)

Np= Ak Wt (he)™® OR Ny = A*16°YH* (g™ If (11<hy<25)

ACI Egn (D-7) or (D-8)

Woc.N
Wean

wcp.N

1.00 Eqn (D-9)

1.00 Egns (D-10 and D-11)

1.00 Section D.5.2.6

1.00 Does not apply to cast-in-
place anchors

(Projected area for a single anchor without edge distance considered)
(Proj. area for group of anchors with edge dist. considered; Not greater than n*A x., )

(Where washers are used, projected area is calculated per ACI 318-05 Section D.5.2.8.)

ke = 24
Ny = 4619 Ibs
Anco = 9*he AC! Eqn (D-6)
Anco = 40 in
Anc = 59 in®
Ngy OF Nepg = 6819 Ibs
0.75®Ncb or 0.75®Ncbg = 3580 Ibs
N, = 0 ibs
No/ ONg = 00]

Strength of group of anchors

Concrete Pullout Strength of Anchor in Tension: ACI D.5.3

ONyo = OV p*N,

Np = 8"Aug
Aprg = 0.16 in?
o= 0.70
Np= 5248 Ibs
Wep= 1.00 in
0.750Npn = 2756 Ibs
N, = 0 Ibs

N/oN,=[" " oo0]

P:\project. BO3\ 89\B3189012.00\Cales\Active\Workshts\l

ACI Eqgn (D-14)
ACI Eqn (D-15)
From PCA Notes on ACI 318-05 Table 34-2

Strength of a single anchor in group
Demand of a single anchor in group
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Degenkolb Engineers

1300 Clay St, 9th Floor
4 €genko ianc, A 34612.2047
Phone: 510.272.9040
= Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:

Location: Precast Panel Connections
Condition: Panel to WF column
Loading: Shear along panel edge

TENSION CAPACITY, cont.
Concrete Side-Face Blowout Strength of a Headed Anchor in Tension: ACl D.5.4

ONg, = O*A*160°C,; VA VFC ACI Eqn (D-17)
ONgpg = O*(14+ 8/(6%Cy5)*Nyy, ACI Egn (D-18)
P= 0.70
Deep embed. close to edge in Y-dir? No "Yes”" ifc 41 <0.4h o
Deep embed. close to edge in X-dir? No “Yos" if C y2<0.4h o
For anchor group , is ,<6°c,,? Yes For blowout of group in Y-direction
For anchor group , is §,<6°C,5? Yes For blowout of group in X-direction
Does failure mode apply in either dir? No Failure mode applies if ¢ y_mn <0.4h o and if s<6”c, (for group of anchors)
Edge distance factor for Ng,: 1.0 Factor applies for single anchor if ¢ y2 < 3¢ 5y Where 1.0<= C 3p/C 4y <=3.0 aNd C 3y =C 5 iy
Ngp = N/A Ibs
Napg = N/A Ibs (where N, doesn not include edge distance factor)
0.75®Nsb or 0.750Ncbg = N/A Ibs
Ny= Ibs

SHEAR CAPACITY: Lowest of ®V,,, OV, , ®V,,

Steel Strength of Anchor in Shear: ACI D.6.1 (for headed bolts)
DV, =0*n*0.6"A,0 4 ACI Eqn (D-20)
®= 1
Ase 0.078 in?
fa- 62000 psi
OV,= 5803 Ibs
Vo= 1000  Ibs
Vol Vo[ 047 ]
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A;Degenkolb

Degenkolb Engineers

1300 Clay St, 9th Floor
Oakland, CA 94612-2047
Phone: 510.272.9040
Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:

Location: Procast Panel Connections
Condition: Panel to WF column
Loading: Shear along panel edge

Concrete Breakout Strength of Anchor in Shear: ACl D.6.2

Note: Assume all load acts on back anchor, and check anchor group. See ACI 318-05 Fig. RD.6.2.1(b).

OVep = O*Aye/Aveo Wea v We v Vs
DVeng = O*Avo/Aveo Wocrv"Wea v We v* Vo
Vb = A‘7'(Ud°)°'2‘ld°‘jf'c(¢.1)1'5

ACI Eqn (D-21)
ACI Eqn (D-22)
ACI Eqn (D-24)

A, = (Based on geometry) SN*Ay, ACI Eqn (D-23): Proj. failure area in shear for group of anchors considering edge dist
Ayeo = 4.5’(:.,2 Projected failure area in shear for a single anchor w/out considering edge dist
¢ = 1.00
b= 15in Load bearing length of anchor for shear, ACI Section D.6.2.2
Yev= 1.0 ACI Section D.6.2.7
Shear Breakout in Y-Direction: {Capacities increased by 2 for loading parallel to edge per AC! Section D6.2.1)
Assume all load acts on back Assume load is distributed equally between (This case should not be
anchor (check qroup): anchors (check front anchors): considered if anchors in
Car= 6.75 in Cu= 375 in group are rigidly
Vp= 5096 Ibs Vo= 2110 Ibs connected to support)
Ay = 122 in? Ay = 63 in”
Aveo = 205 in® Aveo = 63 in?
Wedv= 1.00 Egn(D-27) or (D-28) Wegv= 1.00 Egn(D-27) or (D-28)
Weey= 0.87  Eqgn (D-26) Woev= 079  Egn (D-26)
Whv= 1.30 Egn(D-29) Y= 1.00 Egn(D-29)
Veg = 6833 Ibs Vepg = 3332 lbs
0.75®(Vcb_y or Vebg_y)= 5125 lbs 0.75®(Vcb_y or Vcbg_y)= 2499 Ibs
Vy= 1000 Ibs Vy= 500 lbs
Vol OVery=[020] Val OV =020
Shear Breakout in X-Direction:
Assume all load acts on back Assume load is distributed equally between (This case should not be
anchor (check group): anchors (check front anchors): considered if anchors in
Cpp= 36.00 in Ca2= 36.00 in group are rigidly
Vo= 62763 Ibs Ve= 62763 Ibs connected to support)
Ave = 365 in Ay = 365 in?
Aveo = 5832 in? Ayeo = 5832 in?
Weav= 0.72  Egn (D-27) or (D-28) Weav= 0.90  Egn (D-27) or (D-28)
Weev= 097  Egn (D-26) Woev= 097  Egn (D-26)
Why= 3.00 Egn(D-29) Wyy= 3.00 Egn(D-29)
Veog = 8253 Ibs Veog = 10305 Ibs
0.75®(Vcb_x or Vebg_x)= 6190 Ibs 0.75®(Veb_x or Vcbg_x)= 7729 Ibs
Vy= 1000 Ibs Vy= 1000 Ibs
Vol OV ,=[036] Vol OVo - 013
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Degenkolb Engineers

1300 Clay St, 9th Floor
‘ eg e n O Oakland, CA 94612-2047
Phone: 510.272.9040
- Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D
Anchorage Condition:

Location: Precast Panel Connections
Condition: Panel to WF column
Loading: Shear along panel edge

SHEAR CAPACITY, cont.

Concrete Pryout Strength of Anchor in Shear: ACI D.6.3

OV, = O*Kp*Nep AC!I Egn (D-29); for single anchor
DVeg = O*kep"Neng AC! Eqn (D-30); for group of anchors
Nep OF Nepg = 6819 Ibs
o= 1.00
Kep= 1.00
0.750Vep or 0.750Vepg = 5114 Ibs
Vy= 1000 Ibs

Vol OV o]
Design Summary and Combined Loading Checks:

Summary of Tension D/C Ratios: Ductile Failure D/C Non-Ductile Failure D/C*
Steel Strength of Anchor in Tension: 0.00 0.00
Concrete Breakout Strength of Anchor in Tension: 0.00 0.00
Concrete Pullout Strength of Anchor in Tension: 0.00 0.00
Concrete Side-Face Blowout Strength of Anchor in Tension: N/A N/A
max 0.00 max 0.00 <1.0, 0K

Summary of Shear D/C Ratios:

Steel Strength of Anchor in Shear: 017 0.43
Concrete Breakout Strength of Anchor in Shear: 0.20  Non-Ductile Failure Govens 0.50
Concrete Pryout Strength of Anchor in Shear: 0.20 0.49
—_— —_—
max 0.20 max 0.50 < 1.0, OK

“Note: Where a ductile failure does not govem, AC! 318-08 Section D.3.3.6 requires that the design strength, determined in accordance with Section
D.3.3.3, must be multipled by a factor of 0.4.

Combined Loading Per ACI D.7:
Ductile Failure:
Combined D/C => Combined Effects need not be considered when either Tension or Shear D/C < 0.20
D/C =

Non-Ductile Failure:

Combined D/C => Combined Effects need not be considered when either Tension or Shear D/C s 0.20
D/C =

Check Minimum Edge Distances and Spacings Per AC| D.8:

Minimum Center to Center Spacing = 0.8 in. ACI D.8.1, 4d , for untorqued cast-in anchor
Check spacing in X-Direction: Spacing OK
Check spacing in Y-Direction: N/A

Minimum Edge Distance = 2in. ACI D.8.2, Edge distance requirements based on cover requirements of AC!
Check edge dist in direction of shear force: Edge Dist OK 318-05 Section 7.7.

Check edge dist perpendicular to shear force: Edge Dist OK
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Degenkolb Engineers

A;Degen kolb S

Phone: 510.272.9040
Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LENL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:

Location: P Panel C cti
Condition: Panel to WF Corner Column
Loading: Shear along pansl edge
Cast-In-Place Anchor Properties: Concrete Data:
Material: F1554 Gr. 36 v i fe= 4000 psi
| _....nl :
Diameter: 3/8"® v Concrete Type = | Normal Weight v],
Nut Type: A563 Hex v, | A= 1.00 ACI86.1
Supplementary Reinforcement (between »” <A i B ~|
anchor and edge): one or < () Concrete Performance:  Cracking at Service Loads i v |
Anchor Yield Stress, f,: 44 ksi Concrete Depth, h,: 6 in
Anchor Tensile Stress, f,: 62 ksi
do= 0.188 in
Effective Embedment Depth of Anchor, h: 2.10 in
Embed from ACI D.5.2.3 for eqns (D-4)-(D-11), h'y N/A in (for anchors close to three or more edges)
Are anchors in group rigidly connected to support? No
Min Thickness of Steel Attachment : N/A in.  (ACI Sec. D.6.2.3, max of 3/8" and 0.5*do)
Embedded washer plate area, if applicable: 0.00 in.2 (Input '0.00' if not used)
Embedded washer plate thickness, if applicable: 0.00 in. (Input '0.00’ if not used)
Embedded nut width, if applicable: 0.00 in
Anchor Geometry:
Anchor Spacing in Y-Direction, s,: 3 in (10 @ of NEXT
Anchor Spacing in X-Direction, s,: 0 in ANCHDIR &R oUP)
Number of Anchor Rows in Y-Direction, n,: 2 e /2/_
Number of Anchor Rows in X-Direciton, n,: 1 a‘;‘“
Total Number of anchors in group, n: 2 \Y{ 4 &
Y-Dir: 1/2 Dist to Next Anchor Group OR Max. Edge Dist., Cyy_max: 100.00 in G Sz,
Y-Dir Edge Min. Edge Dist., Gy 8.0 in e e
X-Dir: 1/2 Dist to Next Anchor Group OR Max. Edge Dist., Cao_max: 36.0 in C:\l\ ") L
-
X-Dir Min. Edge Dist., c, : 36.0 in I —
9 g I Caenm S CB i mnax
Critical edge distance from ACI D.8.6, Cy: i
9 - | X ANCHOR G gp METRY~
Dist from centroid of bolt group to applied tension load, e'y*= 0.0 in N
" : " " : pLan view
Diist from centroid of bolt group to applied shear load, e'y* = 1.5 in
Can Shear Breakout Occeur in Y-direction? Y
Can Shear Breakout Occur in X-direction? N

“Note that e'y and e’y do not account for additional T or V on anchors due to eccentric application of load. They are only used to calculate the y factors
for shear and tension breakout,

Anchor Demands:

If "Y*, include 0.7 it te fai
Do anchors resist seismic demands in a moderate or high seismic region? ( Fiiuge 0.75 decrease on capacll for cancrste falure

modes per D.3.3.3)
Max Tension at Conn Point = 0 Ibs Tension Demand:
Max Shear at Conn Point = 1000 Ibs N, = Tension at Anchor Group = El'bs
Direction of Shear Loading =.X-_Dlr 3 Shear Demand:
Required Incr. in Tension Demand** = 1.0 V.= Shear at Anchor Group= lbs

Required Incr. in Shear Demand** = 1.0

**Required Demand Increases:

Note: For anchorage of nonstructural components, increase demands by a factor of 1.3 per ASCE 7-05 Ch13.4.2a.
Per CBC 2010 Section 1615A.1.14 this increase Is no longer required for OSHPD jobs.
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Degenkolb Engineers

A;Degen kolb s A

Phone: 510.272.9040
Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:

Location: Precast Panel Connections
Condition: Panel to WF Corner Column
Loading: Shear along panel edge

Anchor Capacities:

Note: Capacities associated with concrete failure modes are multiplied by 0.75 per ACI 318-08 D.3.3.3 for structures in Seismic Design Categories D, E, F.

TENSION CAPACITY: Lowest of ®N,,, ®N,,,, ®N,,, ON,,

Steel Strenqth of Anchor in Tension: ACI D.5.1

ON,, = O'N*Ag e, AC! Egn (D-3)
o= 0.75
Ao 0.078 in?
fa- 62000  psi
ON,, = 7254 Ibs

Ny = 0 Ibs

Concrete Breakout Strenqth of Anchor in Tension: ACI D.5.2

ONew = O*An/Anco Weasn We, " Wep "Ny ACI Eq (D-4) Wee 1.00 Eqn (D-9)
ONeog = D*Anc/Anco Woe N Weoai Wen ™ Wep n* Ny ACI Eq (D-5) Wean 1.00 Egns (D-10 and D-11)
&= 0.7 Wen 1.00 Section D.5.2.6
No= ARV (he)™® OR Ny, = A*16*V ()™ if (11<hr<25) Won 100  Doesnotapply to cast-in-
place anchors
k= 24 ACI Eqn (D-7) or (D-8)
Ny = 4619 |bs
Anco = 9*he,’ ACI Eqn (D-6)
Aneo = 40 in? (Projected area for a single anchor without edge distance considered)
Anc = 59 in? (Proj. area for group of anchors with edge dist. considered; Not greater than n*A n., )
(Where washers are used, projected area is calculated per AC/ 318-05 Section D.5.2.8.)
Nep OF Nepg = 6819 Ibs Strength of group of anchors
0.75®Ncb or 0.75®ONchg = 3580 lbs
Ny = 0 lbs
Mo/ @My =00

Concrete Pullout Strength of Anchor in Tension: ACl D.5.3

ONy, = OV p*N, AC! Eqn (D-14)
Ny = 8*Ag*f'. ACI Eqn (D-15)
Aprg = 0.16 in? From PCA Notes on AC/I 318-05 Table 34-2
¢ = 0.70
Np= 5248 Ibs
Wep= 1.00 in
0.75®0Npn = 2755 Ibs Strength of a single anchor in group
N, = 0 Ibs Demand of a single anchor in group

P:\project, BO3\189\B3189012,00\Calcs\Active\Workshts\ N\Panel-Col C ion @ corner ACI 318-08 Appendix D - Cast-In Anchors xIsx Cast-In-Place Anchors
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A;Degenkolb

Degenkolb Engineers
1300 Clay St, 9th Floor
Oakland, CA 94612-2047
Phone: 510.272.9040

Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Secti
Checked By: Page/of:
Anchorage to Concrete per ACI 318-08 Appendix D
Anchorage Condition:
Location: Precast Panel Connections
Condition: Panel to WF Corner Column
Loading: Shear along panel edge
TENSION CAPACITY, cont.
Concrete Side-Face Blowout Strength of a Headed Anchor in Tension: ACi D.5.4
ON,, = B*A*160%C,s Ay Vf'c ACI Eqn (D-17)
DNy = O*(14 8/(6%C1)*Ngy, ACI Egn (D-18)
&= 0.70 .
Deep embed. close to edge in Y-dir? No “Yes" if ¢ 31 <0.4h o
Deep embed. close to edge in X-dir? No "Yes" if C y2<0.4h o
For anchor group , is $,<6%¢y¢? Yes For blowout of group in Y-direction
For anchor group , is §,<6%c,2? Yes For blowout of group in X-direction
Does failure mode apply in either dir? No Failure mode applies if ¢ y_mn<0.4h o and if s<6°c, (for group of anchors)
Edge distance factor for Ng,: 1.0 Factor applies for single anchor it € . < 3¢ 43 Where 1.0<= C 42/ 3, <=3.0 and € 3 =C 5 min
Ngp = N/A Ibs
Ny = N/A Ibs (where N, doesn not include edge distance factor)
0.75®Nsb or 0.750Ncbg = N/A lbs
Ny = Ibs

SHEAR CAPACITY: Lowest of ®V,,, V., OV,

Steel Strength of Anchor in Shear: ACI D.6.1 (for headed bolts)
DV, =0"N"0.6'A M, ACI Eqn (D-20)
b= 1

Ap. 0078  in?
fa. 62000  psi
®V,= 5803 Ibs
Vo= 1000 Ibs

vrove[ o7 ]
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A;Degenkolb

Degenkoib Engineers
1300 Clay St, Sth Floor
Oakland, CA 94612-2047
Phone: 510.272.9040

Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Secti
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:

Location: Precast Panel Connections
Condition: Panet to WF Comer Column
Loading: Shear along panel edge

Concrete Breakout Strength of Anchor in Shear: ACI D.6.2

Note: Assume all load acts on back anchor, and check anchor group. See ACI 318-05 Fig. RD.6.2.1(b).

DVey = O Ayl Aveo Vg v We vV
DVeng = O Ay Avee Woe*Wog vWe vV
Vb= N7(/d,) VoW e(cy)
A, = (Based on geometry)
Avo= 4.5%C,>

Sn*Awo

o= 1.00
= 15in
Wev= 1.0

Shear Breakout in Y-Direction:
Assume all load acts on back

anchor (check group):

Cay = 11.00 in
Vo= 10601 Ibs
Ay = 198 in?
Aveo = 545 in?
Weay= 1.00  Egn(D-27) or (D-28)
Weew= 092  Eqn(D-26)
Why= 1.66 Eqn(D-29)
Vevg = 11720 Ibs
0.75®(Vcb_y or Vcbg_y)= 8790 lbs
V.= 1000 Ibs

Shear Breakout in X-Direction:
Assume all load acts on back

anchor (check group):

Ca2= 36.00 in
Vp= 62763 Ibs
Aye = 390 in?
Aveo = 5832 in?
Wegv= 0.74  Eqn(D-27) or (D-28)
Weewv= 0.97  Eqn(D-26)
Why= 3.00 Egn(D-29)
Vepg = 9120 Ibs
0.75®(Vcb_x or Vebg_x)= 6840 Ibs
V= 1000 Ibs

Pi\project. BO3\189\B3189012.00\Calcs\A

AC! Eqn (D-21)

AC! Eqn (D-22)

AC! Eqn (D-24)

AC!I Eqgn (D-23): Proj. failure area in shear for group of anchors considering edge dist
Projected failure area in shear for a single anchor w/out considering edge dist

Load bearing length of anchor for shear, ACI Section D.6.2.2
ACI Section D.6.2.7

(Capacities increased by 2 for loading parallel to edge per ACI Section D6.2.1)

Assume load is distributed equally between (This case should not be

considered if anchors in

anchors (check front anchors):

Ca = 8.00 in group are rigidly
Vp = 6575 Ibs connected to support)
Ave = 144 in2
Aveo = 288 in?
Weav= 1.00  Egn(D-27) or (D-28)
Weev= 0.89  Egn(D-26)
Why= 141 Egn(D-29)
Vewg = 8265 Ibs
0.75®(Vcb_y or Vchg_y)= 6199 Ibs
Vu= 500 |bs
Vol OVepg =

Assume load is distributed equally between (This case should not be

considered if anchors in

anchors (check front anchors):

Can= 36.00 in group are rigidly
Vp= 62763 |bs connected to support)
Aye = 390 in?
Aveo = 5832 in?
Weay= 090  Egn (D-27) or (D-28)
Wy = 0.97  Eqn (D-26)
Why= 3.00 Egn(D-29)
Veng = 11026 Ibs
0.750(Veb_x or Vebg_x)= 8269 Ibs
Vu= 1000 Ibs
Vo/ OV =

I\Panel-Col Connection @ corner ACI 318-08 Appendix D - Cast-In Anchors.xlsx Cast-In-Place Anchors



Degenkolb Engineers

1300 Clay St, 9th Floor
‘ eg e n 0 Oakiand, CA 94612-2047
AR Phone: 510.272.9040
Fax: 510.272.9526

Subject: Panel-Column Precast Connection Job Number: B31891012.00 Date: 12.20.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition;

Location: Pracast Panel Cmnectloﬁs
Condition: Panel to WF Corner Column
Loading: Shear aiong panel edge

SHEAR CAPACITY, cont.

Concrete Pryout Strength of Anchor in Shear: ACI D.6.3

BVp = Oke,*Ney ACI Egn (D-29); for single anchor
DOVepg = P*Kep*Neog AC! Egn (D-30); for group of anchors
Nep OF Nepg = 6819 Ibs
b= 1.00
Kep= 1.00
0.75®Vcep or 0.750Vepg = 5114 Ibs
V,= 1000 |bs

VooV oz0]
Design Summary and Combined Loading Checks:

Summary of Tension D/C Ratios: Ductile Failure D/C Non-Ductile Failure D/C*
Steel Strength of Anchor in Tension: 0.00 0.00
Concrete Breakout Strength of Anchor in Tension: 0.00 0.00
Concrete Pullout Strength of Anchor in Tension: 0.00 0.00
Concrete Side-Face Blowout Strength of Anchor in Tension: N/A N/A
max 0.00 max 0.00 <1.0, 0K

Summary of Shear D/C Ratios:

Steel Strength of Anchor in Shear: 017 0.43
Concrete Breakout Strength of Anchor in Shear: 0.15 0.37
Concrete Pryout Strength of Anchor in Shear: 0.20  Non-Ductile Failure Govems 0.49
—_— —
max 0.20 max 0.49 < 1.0, 0K

"Note: Where a ductile failure does not govem, ACI 318-08 Section D.3.3.6 requires that the design strength, determined in accordance with Section
D.3.3.3, must be multipled by a factor of 0.4.

Combined Loading Per ACI D.7;
Ductile Failure:
Combined D/C => Combined Effects need not be considered when either Tension or Shear D/C < 0.20
D/C =

Non-Ductile Failure:
Combined D/C => Combined Effects need not be considered when either Tension or Shear D/C  0.20
D/C =

Check Minimum Edge Distances and Spacings Per ACI D.8:

Minimum Center to Center Spacing = 0.8 in. ACI D.8.1, 4d, for untorqued cast-in anchor
Check spacing in X-Direction: Spacing OK
Check spacing in Y-Direction: N/A

Minimum Edge Distance = 2in. ACI D.8.2, Edge distance requirements based on cover requirements of AC!
Check edge dist in direction of shear force: Edge Dist OK 318-05 Section 7.7.

Check edge dist perpendicular to shear force: Edge Dist OK
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Degenkolb Engineers

1300 Clay St, 9th Floor
‘ eg e n O Oaiand, CA 94612-2047
Phone: §10.272.9040
. Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 12.4.13
Job: LLNL B341 By: Sartl
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition;

Location: Precast Panel Connections
Condition: Double Sided Panet to Column Connection
Loading: Shear along panel edge
Cast-In-Place Anchor Properties: Concrete Data:
Material:| F1554 Gr. 36 v | fo= 4000 psi
Diameter; 3/8°® V: | Concrete Type = | Normai Weight _;
Nut Type: A563 Hex v A= 1.00 AC/8.6.1
Supplementary Reinforcement (between-N 44 o v | K = ==3
anchor and edge): one or < i Concrete Performance: Cracking at Sen.nce Loads _v_}
Anchor Yield Stress, f,: 44 ksi Concrete Depth, h,: 6 in
Anchor Tensile Stress, f,: 62 ksi
dy= 0.188 in
Effective Embedment Depth of Anchor, h,;: 263 in
Embed from ACI D.5.2.3 for egns (D-4)-(D-11), ' N/A in (for anchors close to three or more edges)
Are anchors in group rigidly connected to support? No
Min Thickness of Steel Attachment : N/A in.  (ACI Sec. D.6.2.3, max of 3/8" and 0.5*do)
Embedded washer plate area, if applicable: 0.00 in.? (Input '0.00' if not used)
Embedded washer plate thickness, if applicable: 0.00 in. (input '0.00' if not used)
Embedded nut width, if applicable: 0.00 in
Anchor Geometry:
Anchor Spacing in Y-Direction, s,: 8 in (10 @ oF MEXT
Anchor Spacing in X-Direction, s,: 0in ANCRIZ &R oUr)
Number of Anchor Rows in Y-Direction, n: 2 /L/—
o . Cas
Number of Anchor Rows in X-Direciton, n,: 1 e
Total Number of anchors in group, n: 2 Vi & -
Y-Dir: 1/2 Dist to Next Anchor Group OR Max. Edge Dist., Co; max 100.00 in G 51.
Y-Dir Edge Min. Edge Dist., Ca; me: 265 in L4 e
X-Dir: 1/2 Dist to Next Anchor Group OR Max. Edge Dist., Ca2_max! 36.0 in Cal L L
M
X-Dir Min. Edge Dist., Caz_min 36.0 in b —
g Capna S B mnw
Critical edge distance from ACI D.8.6, ¢,: i
- ARy X AR ¢ gp METRA -
Dist from centroid of bolt group to applied tension load, e'y*= 0.0 in v
" ! . L. i E LA VIEW
Diist from centroid of bolt group to applied shear load, e'y* = 15 in y
Can Shear Breakout Occur in Y-direction? Y
Can Shear Breakout Occur in X-direction? N

“Note that e’y and e’y do not account for additional T or V on anchors due to eccentric application of load. They are only used to caiculate the y factors
for shear and tension breakout,

Anchor Demands:

If *Y", include 0.7 i te fail
Do anchors resist seismic demands in a moderate or high seismic region? Y f include 0.75 decrease on capactty for concrete failure

modes per D.3.3.3)
Max Tension at Conn Point = 0 lbs Tension Demand:
Max Shear at Conn Point = 1000 Ibs N, = Tension at Anchor Group = Elbs
Direction of Shear Loading = X-Dir Z Shear Demand:
Required Incr. in Tension Demand** = 1.0 V, = Shear at Anchor Group= Ibs

Required Incr. in Shear Demand*™ = 1.0

**Required Demand Increases:

Note: For anchorage of nonstructural components, increase demands by a factor of 1.3 per ASCE 7-05 Ch13.4.2a.
Per CBC 2010 Section 1615A.1.14 this increase is no longer required for OSHPD jobs.
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A;Degenkolb

Degenkolb Engineers
1300 Clay St, 9th Floor

Oakland, CA 94612-2047
Phone: §10.272.9040
Fax: 510.272.9526

Subject: Precast Panel Connections

Job Number: B31891012.00 Date: 12.4.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:
Location:
Condition:
Loading:

Precast Panel Connections

Double 8ided Panel to Coiumn Connection

Shear along panel edge

Anchor Capacities:

Note: Capacities associated with concrete failure modes are multiplied by 0.75 per ACI 318-08 D.3.3.3 for structures in Seismic Design Categories D, E, F.

TENSION CAPACITY: Lowest of ®N,,, ®N,,, ®N;,, DN,

Steel Strength of Anchor in Tension: ACI D.5.1

ON,, = O*n* Ay fa

o= 0.75
Age. 0.078 in?
fue 62000  psi
ON,, = 7254 Ibs
N, = 0 lbs

AC! Eqn (D-3)

Concrete Breakout Strength of Anchor in Tension: ACI D.5.2

ONgy, =
ONepg =
¢ =

DA/ Anco™Woain We, N"Wep n*Np
D*Anc/Anco"Woe N Wean" W N Wep "Ny
07

ACI Eq (D-4)
AC! Eq (D-5)

Ny = Akt (he)™* OR Ny = A*16*V1'*(hg) ™ If (11<he<25)

k = 24
Np = 6456 Ibs
Anco = 9*h,’ ACI Egn (D-6)
Anco = 62 in2
Ane = 86 in?
Nep Or Nepg = 8915 |bs
0.75®Ncb or 0.75ONchg = 4680 Ibs
N, = 0 lbs

AC! Eqn (D-7) or (D-8)

l"Joc.N

Wean

wcp.N

1.00 Eqn (D-9)

1.00 Eqns (D-10 and D-11)

1.00 Section D.5.2.6

1.00 Does not apply to cast-in-
place anchors

(Projected area for a single anchor without edge distance considered)
(Proj. area for group of anchors with edge dist. considered; Not greater than n*A Neo)

(Where washers are used, projected area is calculated per ACI 318-05 Section D.5.2.8, )

Strength of group of anchors

Concrete Pullout Strength of Anchor in Tension: ACI D.5.3

P:\project. BO3\1 89\B3189012.00\Calcs\Active\W.

ONy, = O p*N,

Ny = 8%Ay*f'.
Apeg = 0.16 in®
o= 0.70
N,= 5248 Ibs
Wop= 1.00 in
0.750Npn = 2755 Ibs
N, = 0 Ibs

NDouble Sided Panel-Col C

ACI Egn (D-14)
AC! Eqn (D-15)
From PCA Notes on ACI 318-05 Table 34-2

Strength of a single anchor in group
Demand of a single anchor in group

ACI 318-08 Appendix D - Cast-In Anch

.xIsx Cast-In-Place Anchors



Degenkolb Engineers

AQDeg enkolb

Phone: 510.272.9040
Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 12.4.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:

Location: Precast Panel Connections
Condition: Double Sided Panel to Column Connection
Loading: Shear along panel edge

TENSION CAPACITY, cont.
Concrete Side-Face Blowout Strength of a Headed Anchor in Tension: ACI D.5.4

ON,p = O*A*160*CyVAgVi'c ACI Eqn (D-17)
ONgpg = O*(1+ 8/(67Coy)" Ny ACI Eqn (D-18)
b= 0.70
Deep embed. close to edge in Y-dir? No *Yes" if 4 <0.4h ¢
Deep embed. close to edge in X-dir? No "Yes" if € .2<0.4h o
For anchor group , is $,<6*C41? Yes For blowout of group in Y-direction
For anchor group , is §,<6*Cy7 Yes For blowout of group in X-direction
Does failure mode apply in either dir? No Failure mode applies if ¢ s mn <0.4h ¢ and if s<6”c, (for group of anchors)
Edge distance factor for Ny 0.6 Factor applies for single anchor if C u3< 3¢ oy Where 1.0<= € 42/¢ 3, <=3.0 a0 € 4y =C ¢ e
Ng, = N/A Ibs
Nypg = N/A lbs (where Ny, doesn not include edge distance factor)
0.75®Nsb or 0.75®Ncbg = N/A Ibs
Ny= Ibs

SHEAR CAPACITY: Lowest of ®V,,, ®V,,, oV,

Steel Strength of Anchor in Shear: ACI D.6.1 (for headed boks)
DV, =0*N"0.6*As ACI Eqn (D-20)
d= 1
Ag. 0078  in?
fa- 62000  psi
OV, = 5803 Ibs
Vy= 1000 Ibs

Vol OV
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A;Degenkolb

Degenkolb Engineers

1300 Clay St, 9th Fioor
Oakland, CA 94612-2047
Phone: 510.272.9040
Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 124.13
LLNL B341 By: Section:
Checked By: Page/of:

P:\project. BO3\189\B3189012.00\Calcs\Active\Workshts\

Anchorage to Concrete per ACI 318-08 Appendix D
Anchorage Condition:

Location: Precast Pane! Connections
Condition: Double Sided Panel to Column Connection
Loading: Shear along panei edge

Concrete Breakout Strength of Anchor in Shear: ACl D.6.2

Note: Assume all load acts on back anchor, and check anchor group. See ACI 318-05 Fig. RD.6.2.1(b).

OVer = O*AydAves Wea v Wev* Vo
DVeng = O*AvcAveo*Weesv" Woa v* We v Vi
Vi = A7*(e/do) Vg W'e(car)

A, = (Based on geometry) SN*Ay,o
Avo= 4.5,
&= 1.00
b= 15 in
Yev= 1.0

Shear Breakout in Y-Direction:
Assume all load acts on back

anchor (check group):

Cy = 24.00 in
Vo= 34164 Ibs
Ave = 432 in?
Aveo = 2592 in?
Weay = 1.00  Eqn(D-27) or (D-28)
Weey= 0.96  £gn (D-26)
Why= 245 Egn(D-29)
Veog = 26779 Ibs
0.75®(Vcb_y or Vcbg_y)= 20084 Ibs
V= 1000 Ibs
Vel Ve, [ 008]

Shear Breakout in X-Direction:
Assume all ioad acts on back

anchor (check group):

Ca2= 36.00 in
Vb= 62763 Ibs
Ave = 501 in?
Aveo = 5832 in?
Weav= 0.85 Egn (D-27) or (D-28)
Weev= 097  Egn(D-26)
Why= 3.00 Egn(D-29)
Vevg = 13333 Ibs
0.75®(Vch_x or Vchg_x)= 10000 Ibs
Vy= 1000 |bs
L ST

NDouble Sided Panel-Col C

ACI Eqn (D-21)
ACI Eqn (D-22)
ACI Eqn (D-24)

AC!I Eqn (D-23): Proj. failure area in shear for group of anchors considering edge dist
Projected failure area in shear for a single anchor w/out considering edge dist

Load bearing length of anchor for shear, ACI Section D.6.2.2

ACI Section D.6.2.7

(Capacities increased by 2 for loading parallel to edge per ACI Section D6.2.1)

Assume load is distributed equally between (This case should not be

anchors (check front anchors): considered if anchors in
Car= 26.50 in group are rigidly
Vp= 39638 Ibs connected to support)
Ayc = 432 jn?
Ayeo = 3160 in?
Wegy= 1.00  Egn(D-27) or (D-28)
Weev= 0.96  E£gn (D-26)
Why= 257 Egn(D-29)
Veng = 26880 bs
0.75®(Vcb_y or Vchg_y)= 20160 Ibs
Vy= 500 Ibs
LN

Assume load is distributed equally between (This case should not be

anchors (check front anchors): considered if anchors in
Ca2= 36.00 in group are rigidly
Vp= 62763 Ibs connected to support)
Ave = 501 in?
Ayeo = 5832 in?
Weav= 0.90  Egn (D-27) or (D-28)
Weev= 097  Egn (D-26)
Why= 3.00 Eqn(D-29)
Vewg = 14164 lbs
0.75®(Veb_x or Vebg_x)= 10623 Ibs
V,= 1000 |bs
Vol OV <[ 009]

D - Cast-In Anch

ACI 318-08 Appendi

.xIsx Cast-In-Place Anchors



Degenkolb Engineers

1300 Clay St, 9th Floor
‘ eg e n 0 Oakiand, CA 94612-2047
Phone: 510.272.9040
- Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 12.4.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D
Anchorage Condition:

Location: Precast Panel Connections
Condition: Double Sided Panel to Column Connection
Loading: Shear along panel edge

SHEAR CAPACITY, cont.

Concrete Pryout Strength of Anchor in Shear: ACI D.6.3

OV, = O*kep*Ney ACI Eqn (D-29); for single anchor
DVpg = O*Kep*Neog ACI Eqn (D-30); for group of anchors
Nep OF Nepg = 8915 Ibs
&= 1.00
Kep= 2.00
0.75®Vcep or 0.750Vepyg = 13372 Ibs
V,= 1000 |bs

L |
Design Summary and Combined Loading Checks:

Summary of Tension D/C Ratios: Ductile Failure D/C Non-Ductile Failure D/C*
Steel Strength of Anchor in Tension: 0.00 0.00
Concrete Breakout Strength of Anchor in Tension; 0.00 0.00
Concrete Pullout Strength of Anchor in Tension: 0.00 0.00
Concrete Side-Face Blowout Strength of Anchor in Tension: N/A N/A
max 0.00 max 0.00 <1.0, 0K

Summary of Shear D/C Ratios:

Steel Strength of Anchor in Shear: 0.17  Ductile Failure Govems 0.43

Concrete Breakout Strength of Anchor in Shear: 0.10 0.25

Concrete Pryout Strength of Anchor in Shear: 0.07 0.19
—_— —_—

max 0.7 <1.0,0K max 0.43

"Note: Where a ductile failure does not govem, ACI 318-08 Section D.3.3.6 requires that the design strength, determined in accordance with Section
D.3.3.3, must be multipled by a factor of 0.4.

Combined Loading Per ACI D.7;
Ductile Failure:

Combined D/C => Combined Effects need not be considered when either Tension or Shear D/C s 0.20
D/C =

Non-Ductile Fallure:
Combined D/C => Combined Effects need not be considered when either Tension or Shear D/C S 0.20
D/C =

Check Minimum Edge Distances and Spacings Per ACI D.8:

Minimum Center to Center Spacing = 0.8 in. ACID.8.1, 4d,, for untorqued cast-in anchor
Check spacing in X-Direction: Spacing OK
Check spacing in Y-Direction: N/A

Minimum Edge Distance = 2in. ACI D.8.2, Edge distance requirements based on cover requirements of AC!
Check edge dist in direction of shear force: Edge Dist OK 318-05 Section 7.7.
Check edge dist perpendicular to shear force: Edge Dist OK
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Lawrence Livermore National Laboratory
Building 341 Detailed Seismic Evaluation
Structural Calculations

Evaluation of Braces on
Line 2a

December 2013



¢ ¢
A\ Degenkolb

Subject: Job Number: Date:

Job: By: Section:

Checked By: Page of

ELALUATE BRACES ON (e Do
P = lo.« K
2L x> 3//5
KA = ﬁ)( 9.6+ 2°) Y 40
M 'w[‘tc‘/w‘ =S

Fcr = 3.6%  pert tage

<
DR, = 104 /(5&3‘45 = 0.58 O£ Bucecws

—

Conin, CAMIMTy
1- z/ufk? W55 /s~ BRL  SHR
fp= 25308 3 = 95F Ok pa=o. |2

0T 154 Quss&7 gLnes 70 &L
29 L/"&?, swes (7 {Q X I pues
fp = “f”&’ux":k\fﬁ/o,?s = yyk ’_Q_é Dck= 0,24

BLALES  OK




AADegenkolb

Degenkolb Engineers
1300 Clay Street, Sth Floor

Oakiand, Ca'ifomia

Subject: Diaphragm Bracing Checks Job Number: B3189012. Date: 11.20.13
Job: LLNL, B341 Increment | By: AMN Section:
Checked By:

Braces on Line 2a

Fye = 44 ksi
Section Per (k)| Area (in2) rx {in) ry (in) ro {in) 1 (ind) Hllength (ft) ki/ry] Fe (ksi)| Fery {ksi)|] Ferz (ksi)| Fcr (ksi)
213X2X3/16 LLBB 3.6 1.83 0.961 0.739 1.49 0.0238 0.67 22 357.2 2.2 2.0 65.6 1.9
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Evaluation of
Diaphragms and
Diaphragm Bracing



enkolb Engineer:

25 Moragomeey Shieel, Sute 550
4 Deg enkolb S Fracieco. CA B4104 2308
-_— Phone 415.302.0052
Fax 415.981.0157
Subject: Checks Job Number: B3189012.00 Date: 12.17.13
Job: LENL B341 Increment | Section:
Level Nall Connectin Stre:
High Roof,
Low Roof|
Equip Loft]
Mezz|
Diaphragm-W, l I
C
Section cut Lavel Earthquake | ncgl
Line 1 High Roof Diaphragm High Roof BSE-1E-X| 103 0.17]
Line 1 High Roof Diaphragm High Roof BSE-1E-Y| 14/ 0.02]
Line 1 Mezz Diaphragm Mezz BSE-1E-X| 4 0.28,
Line 1 Mezz Diaphragm Mezz BSE-1E-Y| 22 0.12)
Line 1aa East Mezz Diaphragm Mezz BSE-1E-X 53 .12 0.42
Line 1aa East Mezz Diaphragm Mezz BSE-1E-Y] 23 | 0.05| 0.13
Line 1aa West Mezz Diaphragm Mezz BSE-1E-X| 134 28] 0.30
Line 1aa West Mezz Diaphragm Mezz BSE-1E-Y| 35 78] 0.08
Line 1b East Mezz Diaphragm Mezz BSE-1E-X| 77 . 2.17] 0.67
jLine 1b East Mezz Diaphragm Mexnz 100} BSE-1E-Y| 2_34 0.08| 017
Line 1b West Mezz Dlaphragm Mezz 100| BSE-1E-X 223, 0.50]
Line 1b West Mezz Diaphragm Mezz 100| BSE-1E-Y] 48] on
Line 2 A-E East High Roof Oiaphragm High Roof 80| BSE-1E-X 49 0.!_1
Line 2 A-E East High Roof Diaphragm High Roof 80| BSE-1E-Y| 7] 0.04]
Line 2 B-F West Equipment Lott Dlaphragm Equip Loft 60 BSE-1E-X| 193] o.ggl
Line 2 B-£ West Equipment Loft Dlaphragm Equip Loft| 60 BSE-1E-Y| 48] 0.17]
Line 2 8-E West High Roof Oilaphragm High Roof 60 8SE-2E-X 14 Q.06
Line 2 B-E West High Roof Oiaphragm High Roof 60| BSE-1E-Y] 15) 0.08
Line 2 East High Roof Diaphragm High Roof 180 BSE-1E-X 96| 0.16] 0.23
Line 2 East High Roof Diaphragm High Roof 180] BSE-1E-Y| 12| 0.02] 0.04
Line 2 West High Roof Diaphragm High Roof 140 BSE-1E-X| 31 0.07]
Line 2 West High Roof Diaphragm _High Roof 140 BSE-1E-Y| 9, 0.02
Line 2a B-) Low Roof Diaphragm Low Roof 140 BSE-1E-X, 49 -
Line 2a B-] Low Roof Diaphragm Low Roof 140 BSE-1E-Y| 21 -]
Line 2a High Roof Diaphragm High Roof BSE-1E-X| 7] -]
Line 2a High Roof Dlaphragm High Roof BSE-1E-Y| 1 -]
Line 4 Low Roof Diaphragm Low Roof BSE-1E-X| 88| 0.18)
Line 4 Low Roof Diaphragm Low Roof BsE-lE-Vl 13 0.03]




Degenkotb Engineers

236 Monigomery Stieet, Sue 550
48 Degenkolb Py
Fhone 153020032
Fax 415.961.3157
Subject: D Checks Job Number: B3189012.00 Date: 12.17.13
Job: LLNL B341 increment [ By: AMN Section:
Checked By:
Leval f Type Stren
High Roof] [Metal Deck 0.81 Pre-cast Panels
Low Roof| 6.5" Conc Slab 9.6]
Equip Loft
Mezz
Diaphragm-wall
Amplification Diaphragm C [~
ISaction Cut Level Length (ft) | Earthquake Vu (kij Factor Demand m-factor _ |Strength (k/ft} DCR Streny DCR|
Line A High Roof Diaphragm High Roof 50| BSE-1E-X| 12 1.0 0.23} 2.0 0.3 0.14) 3.3 0.07]
Line A Hlﬂ Roof Dlaehri!m High Roof 50] BSE-1E-Y| 28| 1.0 0.55 2.0 0.8] 0.3 3.3 0.17|
Line A Low Roof Diaphragm Low Roof 90 BSE-1E-X/ 18] 12 0.25 2.0} 0.8] 0.19| 33 0.07
Line A Low Roof Diaphragm Low Roof 90| BSE-1E-Y 5_3] 12 0.86) 2.0 0.8, 0.53} 33 0.26)
Line C North High Roof Olaphragm High Roof 67| BSE-1E-X| 14] 1.0 0.21) 2.0 0.8, 0.13 A1 GAS'
Line € North High Roof Diaphragm High Roof 67| BSE-1E-Y| 3_21 1.0 0.48| 2.0, 0.8 0.29) A1) 0.12!
Line E Mezz Diaphragm Mexz 50| BSE-1E-X| A8 17 1,63 2.0] 9.6] £.09 7.6] 0.21|
Line E Mezz Dlaphragm Mezz 50| BSE-1E-Y) 63 7 2,15 2.0] 9.6] .13 7.6 0.28|
Line E South High Roof Diaphragm High Roof 67| BSE-1€-X; 10] i0 0.15) 2.0 X 0.09) 4.1 0.04f
Line E South High Roof Diaphragm High Roof 67| BSE-1E-Y) 137] 10 2.05 2.0, 1.2%) 4.1 0.50|
Line F North Mezz Diaphragm Meuz 50, BSE-1E-X| a1 17 1.40] 2.0] 0.07} 0.18 0.42
Line F North Mezz Diaphragm Mezz 50| BSE-1E-Y| 43| 1.7 1.48] 2.9 [ oanf 043
Line F South Mezz Olaphragm Mezz 501 BSE-1E-X| 52 17 1.77 2.0] 9.6| 0.09 7.6] 0.23|
Line F South Mezz Diaphragm Mezz 50, BSE-1E-Y) 52 1.7 1.77 2.0] 9.6| 0,21 7.6 0.2
Line F.7 North Mezz Oiaphragm Mezz 50} BSE-2E-X| 49] 17 1.67 2.0 9.6) Oﬁl 7.6 0.22f 0.50
Line F.7 North Mezz Ofaphragm Mezz 50} BSE-1E-Y| 27, 17 0.92/ 2.0, 9.6 0.0_5"' 7.6 0.12] 0.56
Line F.7 South Mezz Diaphragm Mezz 50} BSE-1E-X] 62 17 213 2.0, 9.6 811 7.6] 0.28;
Line F.7 South Mezz Diaphragm Menz 50] BSE-1E-Y| 98] 17 3.35) 2.0] SASI 0.!] 7.6 044
Line H.3 North Mezz Dllghrl!m Mezz 50 BSE-1E-X| 60| 1.7 2.04) 2.0 9.6 O,ﬂ] 7.6] 0.27] 0.55
Line H.3 North Mezz Dlaphragm Mezz 50, BSE-1E-Y) 101 17 3.44 2.0 9.6 Q.18 7.6, 0.45| 0.58
Line H.3 South Mezz Diaphragm Mezz 50} BSE-1E-X| 62 iz 2,12 2.0 9.6, 6.11/ 7.6 028
Line H.3 South Mezz Diaphragm Mezz 50] BSE-1E-Y| 29) 17 0,98 2.0 9.6 ﬂ% 7.6] 0.13,
Line | North Mezz Diaphragm Mezz 50] BSE-1E-X| 60, 17 2.05) 2.0 9.6 011 7.6] 027/ 0.54
Line | North Mezz Diaphragm Menz 50] BSE-2E-Y 53 1.7 1.81 2.0 9.6 08.09 2.6] 0.24| 0.45
Line | South Mezz Diaphragm Mezz 50] BSE-1E-X] 60j 1.7 2,04} 2.0] 9.6 .11 7.6 0.27]
Line J South Mezz Diaphragm Mezz 50, BSE-1E-Y 48] 17 164 2.0 9.6] 0.09] 7.6 0.22]
Line K High Roof Diaphragm High Roof 50} BSE-1E-X; 9) 10 0.18) 2.0 0.8, 0.1} 3.3 0.05)
Line K High Roof Diaphragm High Roof 50j BSE-1E-Y| 131) 1.0 2.62 2.0, 0.8 Lﬂ_f 3.3 0.80
Line K Low Roof Diaphragm Low Roof 90] BSE-1E-X| 14 12 0.19] 2.0] 0.8 0.121 3.3 0.06;
Line K Low Roof Diaphragm Low Roof 0] BSE-1E-Y 38 12 1.19 2.0] 0.8 o.74] 33 0.38|
Line K Mez2 Diaphragm Mezz 50, BSE-1E-X/ 58 17 1,98 2.0] 9.6] 0.10; 3.3 0.60|
Line K Me22 Diaphragm Mezz 50] BSE-1E-Y, 64 17 2.18) 2.0 9.6] 0.13] 3.3 0.66)




A[xgenkolb

Degenkolb Engineers
1300 Clay Street, St Floor

Oakland, Caffornia

Sublect: Metal Deck Roof Diaphr: Properties Job Number: B3189012.00 Date: 11.19.13
Job: LLNL B341 Increment | By: AMN Section:
Checked By:
| k ati
h Deck Height (in.} = 1.50,
d Rib Spacing (in.) = 6
t: Base Metal Thickness (in.) = 0.0474, 18 ga, Wide Rib
w: Panel Width (in.) = 24
L: Panel Length (ft.) = 30/
P: Weld Pattern = 3 [4
8¢ Edge Weld Spacing, [w/(P-1)], (in.) = 12
8 Interior Stitch Spacing (in.) = 24 o
We: Corrugation dimension (in.) = 1.55 (. . £
e: Corrugation dimension (in.) = 0.876 . ‘L'-'
f: Corrugation dimension (in.) = 35 -
—
. Con trength ¢
| Fastener - Arc Spot Wel
d,: Weld Diameter (in.) = 0.5 FIG 2.4-1 CORRUGATION DIMENS |ONS
Fy: Specified Minimum Steel Strength, Members (ksi) = 45
Q, Structural Connector Strength, [2.2*t'F,*(d,1)] , (kips) = 2.12
Si: Structural Connector Flexibility, [1.15x107(t)°%], (in/kip)=  0.0053
idelap Fast - Button Punch jvalent to #1 i r Verco manual
Q,: Sidelap Connector Strength (kips) = 1.02 App IV
S,: Sidelap Connector Flexibility (in./kip) = 0.014 App IV
. h trength
Edge Fasteners
oy : End Dsitribution Factor, [App. V] = 1.1
n: No. of Purlins (excluding ends) = 3
o Purlin Distribution Factor, [App. V] = 1.1
ne No. of Edge Connectors between Cross Supports, [(L/(n,+1))/sg] = 7
Syt Diaphragm Strength (Edge Limit), [(20,,+ng0+ne)QyL] (Kip/ft) = 0.88
Interior Panels
L,: Purlin Spacing (ft.) = 7.50
A [1-h*L/(240*°%)] = 0.78
ng: No. of Stitch Connectors in Length, [L/s] : 15
o - [Q/Q) = 0.48
Exiw)? : [App. V] = 0.51
Su: Diaphragm Strength (Interior Limit), [2(1-1)+n,o,+2(x/w)2"(2n,,+4)]‘(0/L), (kip/ft) = 0.84
End Members
N: No. Fasters per Foot Along Ends = 1.00
B: [NsOs+Z00W)> (2n,44)] = 12.29
S,: Diaphragm Strength (Comer Limit), [((N?B%/(L2N?+B%)°%)Qf), (kip/ft) = 0.81
Limiting Digohragm Strength Value oy 70
S: Diaphragm Strength (kip/tt) : 0.81 :7 8( 0 ?l‘( &) /“PME) wel- . l(
- (-4
IV. Stabil heck 2’/\ vmwme - zxktss P'{ 7‘ ?
It Panel Moment of Inertia (in*/it wicth) = '0.305 x
dy: Corrugation Pitch (in.) = 6 o | 7"7’
8y: Developed Flute Width, [2(e+w)+f), (in.) = 8.34 1.39 Ey MUM/ N
S.: Critical Buckling Load, [(3.25*10%L,)*(*'d,/s,)"2*] (kipsft) = 222 MEMD
. Diaphragm Stiffi
E: Modulus of Elasticity (ksi) = 28000
v: Poissons Ratio = 0.3
C: Slip Coetticient [(Et/w)* S;*((24L/(20 +ny0+2Nn,S/S,))] = 12.83
D: Assume Wide Rib, [Table 3.31 pg. 3-4] = 13013 18 ga, every third valley
Dp: Warping Constant [D/12L] = 36.15
¢: D, Reduction [Table 3.3-2] = 0.80
G': Diaphragm Stiffness (kips/in) = 30.30
G: Effective Modulus (ksi) = 639.35
t: Effective Panel Thickness [t*(G/11350)] (in.)= 0.002717
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Degenkolb Engineers

1300 Clay St, 9th Floor
4 egenko mC
4 Phone: 510.272.9040
Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 12.4.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:

Location: Metal Deck to Watl Connection - Worst Case
Condition: in-plane Shear Connection: Diaphragm to panels
Loading: Shear parallel to panel edge
Cast-In-Place Anchor Properties: Concrete Data:
Material:| F1554 Gr. 36 v/ fo= 4000 psi
Diameter: 1/2"¢ W Concrete Type = Normal W_eight vl
Nut Type: A563 Hex v A= 1.00 ACI86.1
Supplementary Reinforcement (between B et
PP Y anchor ar(‘ d edge): None or <#4 V_ Concrete Performance:  No Cracking at Senviceloads W
Anchor Yield Stress, f,: 44 ksi Concrete Depth, h,;: 6 in
Anchor Tensile Stress, f,: 62 ksi
do= 0.500 in
Effective Embedment Depth of Anchor, hy: 263 in
Embed from ACI D.5.2.3 for eqns (D-4)-(D-11), h'y N/A in (for anchors close to three or more edges)
Are anchors in group rigidly connected to support? No
Min Thickness of Steel Attachment : N/A in. (ACI Sec. D.6.2.3, max of 3/8" and 0.5"do)
Embedded washer plate area, if applicable: 0.00 in.? (Input '0.00' if not used)
Embedded washer plate thickness, if applicable: 0.00 in. (Input '0.00' if not used)
Embedded nut width, if applicable: 0.00 in
Anchor Geometry:
Anchor Spacing in Y-Direction, s,: 3in
pasng ; o (10 @& oF NEXT
Anchor Spacing in X-Direction, s,: 0in ANCHIZ &RoUyp)
Number of Anchor Rows in Y-Direction, n,: 2 ¢ ’l/f
Number of Anchor Rows in X-Direciton, n,: 1 a‘&\i
Total Number of anchors in group, n: 2 vV . 4
Y-Dir: 1/2 Dist to Next Anchor Group OR Max. Edge Dist., Cy;_max: 18.00 in % SL
Y-Dir Edge Min. Edge Dist., Cyy_me 18.0 in ® Ly
X-Dir: 1/2 Dist to Next Anchor Group OR Max. Edge Dist., Cyp_may 120.0 in Cal L L
M
X-Dir Min. Edge Dist., Gy min 10.8 in k 4
g c S S B
Critical edge distance from ACI D.8.6, ¢, i
g ac 10.5 in X Wp_ <D W__
Dist from centroid of bolt group to applied tension load, e'y*= 0.0 in N
" " ; . ) PLas viEew
Diist from centroid of bolt group to applied shear load, e'y* = 0.0 in
Can Shear Breakout Occur in Y-direction? N
Can Shear Breakout Occur in X-direction? Y

“Note that e’y and e',, do not account for additional T or V on anchors due to eccentric application of load. They are only used to calculate the y factors
for shear and tension breakout.

Anchor Demands:

If "Y*, inclut .75 dec fty for concrete faill
Do anchors resist seismic demands in a moderate or high seismic region? Y 0 hclude 0. rease on capacty orete failure

modes per D.3.3.3)
Max Tension at Conn Point = 0 Ibs Tension Demand:
Max Shear at Conn Point = 1000 Ibs N, = Tension at Anchor Group = E't’s
Direction of Shear Loading = -l-_Dir_ -l Shear Demand:
Required Incr. in Tension Demand** = 1.0 V= Shear at Anchor Group= Ibs
Required Incr. in Shear Demand** = 1.0

**Required Demand Increases:

Note: For anchorage of nonstructural components, increase demands by a factor of 1.3 per ASCE 7-05 Ch13.4.2a.
Per CBC 2010 Section 1615A.1.14 this increase is no longer required for OSHPD Jobs.

P:\project. BO3\189\B3189012.00\Calcs\Active\Workshts\I NDiaphragm C: to Panels ACI 318-08 Appendix D - Cast-In Anchors.xlsx Cast-In-Place Anchors




Degenkolb Engineers

1300 Clay St, 9th Floor
‘ e g e n 0 Oakland, CA 94612-2047
Phone: 510.272.9040
-~ Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 12.4.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D
Anchorage Condition:

Location: Metal Deck to Walli Connection - Worst Case
Condition: in-plane Shear Connection: Diaphragm to panels
Loading: Shear parallel to panel edge

Anchor Capacities:

Note: Capacities associated with concrete failure modes are muiltiplied by 0.75 per ACI 318-08 D.3.3.3 for structures in Seismic Design Categories D, E, F,

TENSION CAPACITY: Lowest of ®N,,, ®N,;,, ®N,,, ON,, .

Steel Strenqth of Anchor in Tension: ACI D.5.1

ON,, = O*n*A ACI Eqn (D-3)
®= 0.75
Age- 0.142 in?
fu= 62000  psi
ON,,= 13206 Ibs
N, = 0 lbs

Concrete Breakout Strength of Anchor in Tension: ACI D.5.2

ONp = O*Anc/Anco Woan"We, N*Wep n*No ACI Eq (D-4) WeeN 1.00 Egn (D-9)
ONepg = O*AnAnco Woe N Woa " We Wep "Ny ACI Eq (D-5) WeaN 1.00 Eqns (D-10 and D-11)
®= 0.7 Wen 1.25 Section D.5.2.6
Np= A VA (hed™® OR Ny = AM16*VI'*(he))™ If (11<h<25) Won  1.00  Does notapply to cast-in-
place anchors
k. = 24 AC! Eqn (D-7) or (D-8)
Np = 6456 Ibs
Ao = 9*h,? ACI Eqn (D-6)
Anco = 62 in? (Projected area for a single anchor without edge distance considered)
Ane = 86 in? (Proj. area for group of anchors with edge dist. considered: Not greater than n*A x,)
(Where washers are used, projected area is calculated per ACI 318-05 Section D.5.2.8.)
Nep OF Nepg = 11144 Ibs Strength of group of anchors
0.75®Ncb or 0.75®Ncbg = 5850 Ibs
N, = 0 Ibs
No/ 0Ny <[ 00]

Concrete Puliout Strength of Anchor in Tension: ACl D.5.3

ONy, = O*We.*N, ACI Eqn (D-14)
Np= 8*Aug*f'e AC! Eqn (D-15)
Aprg = 0.29 in? From PCA Notes on ACI! 318-05 Table 34-2
®= 0.70
Ny= 9312 Ibs
Wep= 1.40 in
0.75®Npn = 6844 Ibs Strength of a single anchor in group
N, = 0 Ibs Demand of a single anchor in group

P:\project. BO3\1 89\B3189012.00\Calcs\Active\Workshts\I NDiaph C ion to Panels ACI 318-08 Appendix D - Cast-In Anchors.xlsx Cast-In-Place Anchors
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A;Degenkolb

Degenkolb Engineers
1300 Clay St, 9th Floor

Oakland, CA 94612-2047
Phone: 510.272.9040
Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 12.4.13
Job: LLNL B341 By: Section:
Checked By: Page/of:
Anchorage to Concrete per ACI 318-08 Appendix D
Anchorage Condition:
Location: Metal Deck to Walil Connection - Worst Case
Condition: In-plane Shear Connection: Diaphragm to panels
Loading: Shear paraliel to panel edge
TENSION CAPACITY, cont.
Concrete Side-Face Blowout Strength of a Headed Anchor in Tension: ACI D.5.4
ONg, = O*A*160*C41 VApgVFC ACI Eqn (D-17)
@Nyg = D*(14 8/(6°C, )" Ny, ACI Eqgn (D-18)
®= 0.70
Deep embed. close to edge in Y-dir? No “Yes" if ¢,y <0.4h o
Deep embed. close to edge in X-dir? No “Yes" if ¢ ;o <0.4h o
For anchor group , is $,<6*Cyy? Yes For blowout of group in Y-direction
For anchor group , is $;<6*Cys? Yes For blowout of group in X-direction
Does failure mode apply in either dir? No Failure mode applies if ¢, mw, <0.4h 4 and if s<6°c, (for group of anchors)
Edge distance factor for Ny 1.0 Factor applies for single anchor if ¢ < 3¢ sy Where 1.0<= C 12/ 35 <=3.0 and C 5, =C g
Ny, = N/A |bs
Nepg = N/A Ibs (where N o, doesn not include edge distance factor)
0.76®Nsb or 0.75®Nchg = N/A Ibs
Ny= Ibs

SHEAR CAPACITY: Lowest of ®V,,, OV, BV,

Steel Strenath of Anchor in Shear: ACI D.6.1 (for headed bolts)
DV, =D*n*0.6*A,, "1y ACI Egn (D-20)
®= 1

Ase 0142 jn?
fu- 62000  psi
®V,= 10565 Ibs
Vy=_ 1000 Ibs

vrove [ om ]

NDiaph C ion to Panels ACI 318-08 Appendix D - Cast-In Anchors.xlsx Cast-In-Place Anchors



A;Degenkolb

Degenkolb Engineers

1300 Clay St, 9th Ficor
Oakland, CA 94612-2047
Phone: 510.272.9040
Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 124.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:

Location: Metal Deck to Wall Connection - Worst Case
Condition: In-plane Shear Connection: Diaphragm to panels
Loading: Shear paraliel to panel edge

Concrete Breakout Strength of Anchor in Shear: ACI D.6.2

Note: Assume all load acts on back anchor, and check anchor group. See ACI 318-05 Fig. RD.6.2.1(b).

DV = O*Ay/Ayeo Woa v* We "V
DVepg = O*Av/Avco* Woerv* Wea v We v Vi
Vo= N74(t/do)" Vo V' (Cp)"*

A, = (Based on geometry) SN*Avo
Ayeo = 4.5'0“2
&= 1.00
b= 26 in
Wey= 14
Shear Breakout in Y-Direction:
Assume all load acts on back
anchor (check group):
Ca = 21.00 in
Vp= 41973 Ibs
Ay = 254 in?
Aveo = 1985 inz
W= 0.80  Eqn (D-27) or (D-28)
Wee v = 1.00  Egn(D-26)
Whv= 229 Eqn(D-29)
Vepg = 13800 Ibs
0.750(Vcb_y or Vebg_y)= 10350 Ibs
Vy= 1000 Ibs
Vol OV <[ 00]

Shear Breakout in X-Direction:
Assume all load acts on back

anchor {check group):

Caa= 10.75 in
Vp= 15373 lbs
Avc= 212 in?
Aveo = 520 in®
Weav= 1.00  Egn (D-27) or (D-28)
Woew = 1.00  Egn(D-26)
Why= 164 Eqn(D-29)
Verg = 28699 lbs
0.75®(Vcb_x or Vchg_x)= 21524 lbs
V= 1000 Ibs
Val OVog =009

P:\project.BO3\189\B3189012.00\Calcs\Active\Workshts\l NDiaph C

ACI Eqn (D-21)
ACI Eqn (D-22)
ACI Eqn (D-24)

ACI Eqn (D-23): Proj. failure area in shear for group of anchors considering edge dist
Projected failure area in shear for a single anchor w/out considering edge dist

Load bearing length of anchor for shear, ACI Section D.6.2.2
ACl Section D.6.2.7

Assume load is distributed equally between (This case should not be

anchors (check front anchors):

considered if anchors in

Ca1 = 18.00 in group are rigidly
Vp= 33308 Ibs connected to support)
Ave = 227 in?
Aveo = 1458 in?
Wegv= 0.82  Egn (D-27) or (D-28)
Wecy= 1.00 Egn (D-26)
Why= 212  Egn(D-29)
Veg = 12593 Ibs

9445 Ibs
500 Ibs

V=

0.75®(Vcb_y or Vebg_y)=

(Capacities increased by 2 for loading parallel to edge per ACI Section D6.2. 1)

Assume load is distributed equally between  (This case should not be

anchors (check front anchors): considered if anchors in
Ca2= 10.75 in group are rigidly
Vp= 15373 Ibs connected to support)
Avc = 212 iI’12
Aveo = 520 irl2
Weav= 1.00  Eqn(D-27)or (D-28)
Weev= 1.00  Egn(D-26)
Wyy= 1.64 Eqn(D-29)
Ve = 28699 Ibs
0.750(Vcb_x or Vebg_x)= 21524 Ibs
V= 1000 Ibs

to Panels ACI 318-08 Appendix D - Cast-In Anchors.xisx Cast-In-Place Anchors



Degenkolb Engineers

A;Deg enkolb

Phone: 510.272.9040
Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 12.4.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACl 318-08 Appendix D
Anchorage Condition:

Location: Metal Deck to Wall Connection - Worst Case
Condition: In-plane Shear Connection: Diaphragm to panels
Loading: Shear parallel to panei edge

SHEAR CAPACITY, cont.

Concrete Pryout Strength of Anchor in Shear: ACI D.6.3

DV, = O*Kep"Ny, AC! Egn (D-29); for single anchor
BVepg = O*Kep*Nepg ACI Egn (D-30); for group of anchors
Ngy O Negg = 11144 Ibs
¢ = 1.00
Kep = 2.00
0.750Vcp or 0.75®Vepg = 16715 Ibs
V,= 1000 Ibs

Design Summary and Combined Loading Checks:

Summary of Tension D/C Ratios: Ductile Failure D/C Non-Ductile Failure D/C*
Steel Strength of Anchor in Tension: 0.00 0.00
Concrete Breakout Strength of Anchor in Tension: 0.00 0.00
Concrete Pullout Strength of Anchor in Tension: 0.00 0.00
Concrete Side-Face Blowout Strength of Anchor in Tension: N/A N/A
—_— —
max 0.00 max 0.00 <1.0,0K

Summary of Shear D/C Ratios:

Steel Strength of Anchor in Shear: 0.09 0.24
Concrete Breakout Strength of Anchor in Shear: 0.10  Non-Ductile Failure Govems 0.24
Concrete Pryout Strength of Anchor in Shear: 0.06 0.15
max 0.10 max 0.24 < 1.0, OK

*Note: Where a ductile failure does not govemn, ACI 318-08 Section D.3.3.6 requires that the design strength, determined in accordance with Section
D.3.3.3, must be multipled by a factor of 0.4,

Combined Loading Per AC1 D.7:
Ductile Failure:

Combined D/C => Combined Effects need not be considered when either Tension or Shear D/C < 0.20
D/C =

Non-Ductile Failure:
Combined D/C => Combined Effects need not be considered when either Tension or Shear D/C < 0.20
D/IC =

Check Minimum Edge Distances and Spacings Per AC| D.8:

Minimum Center to Center Spacing = 2.0 in, ACID.8.1, 4d, for untorqued cast-in anchor
Check spacing in X-Direction: Spacing OK
Check spacing in Y-Direction: N/A

Minimum Edge Distance = 2in. ACI D.8.2, Edge distance requirements based on cover requirements of AC!
Check edge dist in direction of shear force: Edge Dist OK 318-05 Section 7.7.
Check edge dist perpendicular to shear force; Edge Dist OK

Q
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Degenkolb Engineers

AADegen kolb

Phone: 510.272.9040
Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 12.4.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D
Anchorage Condition:

Location: High Roof Cast in place anchor boft
Condition: In-plane Shear Connection: diaphragm to CIP walls
Loading: Shear parallel to panel edge
Cast-In-Place Anchor Properties: Concrete Data:
Material:| F1554 Gr. 36 v fe= 4000 psi
Diameter:| 3/4"® v Concrete Type = | Normal Weight z
Nut Type: AS63 Hex v A= 1.00 ACI86.1
Supplementary Reinforcement (between N 4 v N T . ) ]
anchor and edge}: lone or < | Concrete Performance: No Cracking at_ServK:e Loads V_;
Anchor Yield Stress, f,: 44 ksi Concrete Depth, h,: 6 in
Anchor Tensile Stress, f,: 62 ksi
dy= 0.750 in
Effective Embedment Depth of Anchor, hy: 5.50 in
Embed from ACI D.5.2.3 for eqns (D-4)-(D-11), h'y N/A in (for anchors close to three or more edges)
Are anchors in group rigidly connected to support? No
Min Thickness of Steel Attachment : N/A in.  (ACI Sec. D.6.2.3, max of 3/8" and 0.5"do)
Embedded washer plate area, if applicable: 0.00 in? (input 0.00' if not used)
Embedded washer plate thickness, if applicable: 0.00 in. (Input '0.00' if not used)
Embedded nut width, if applicable: 0.00 in
Anchor Geometry:
Anchor Spagcing in Y-Direction, s,: 0in (1D G oF NEXT
Anchor Spagcing in X-Direction, s,: 0 in ANCRIR &R oul)
Number of Anchor Rows in Y-Direction, n,: 1 c /l/—
Number of Anchor Rows in X-Direciton, n,: 9 ')':1'“‘
Total Number of anchors in group, n: 1 V] b °
Y-Dir: 1/2 Dist to Next Anchor Group OR Max. Edge Dist., c,, _max: 12.00 in ¥ SL
Y-Dir Edge Min. Edge Dist., Cyy i’ 12.0 in e e
X-Dir: 1/2 Dist to Next Anchor Group OR Max. Edge Dist., Cy_jmax: 120.0 in Cil‘ N L
-
X-Dir Min. Edge Dist., Cas mi: 18.0 in K 4
9 20 S S B
Critical edge distance from ACI D.8.6, ¢,: i
. . g ' . ac 22 in X ANCAHOE- G ep METRY~
Dist from centroid of bolt group to applied tension load, e'y*= 0.0 in v
- ) " . . PLran view
Diist from centroid of bolt group to applied shear load, e'y* = 0.0 in
Can Shear Breakout Occur in Y-direction? N
Can Shear Breakout Occur in X-direction? Y

“Note that e’y and e'y do not account for additional T or V on anchors due to eccentric application of load. They are only used to calculate the  factors
for shear and tension breakout.

Anchor Demands:

. 5 If "Y*, include 0.75 decrease on city for concrete failure
Do anchors resist seismic demands in a moderate or high seismic region? Y (0 capacity iy

modes per D.3.3.3)
Max Tension at Conn Point = 0 Ibs Tension Demand:
Max Shear at Conn Point = 1000 Ibs Ny = Tension at Anchor Group = E"’s
Direction of Shear Loading = Yoir ?_, Shear Demand:
Required incr. in Tension Demand* = 10 V,, = Shear at Anchor Group= [ 1000]is

Required Incr. in Shear Demand**

1.0

**Required Demand Increases:

Note: For anchorage of nonstructural components, increase demands by a factor of 1.3 per ASCE 7-05 Ch13.4.2a.
Per CBC 2010 Section 1615A.1.14 this increase is no longer required for OSHPD Jjobs.
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A;Degenkolb

Degenkolb Engineers

1300 Clay St, sth Floor
Oakland, CA 94612-2047
Phone: 510.272.9040
Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 12.4.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:

Location:
Condition:
Loading:

Anchor Capacities:

High Roof Cast in place anchor bolt
In-plane Shear Connection: diaphragm to CIP walls
Shear paraliel to panel edge

Note: Capacities associated with concrete failure modes are muitiplied by 0.75 per ACI 318-08 D.3.3.3 for structures in Seismic Design Categories D, E, F.

TENSION CAPACITY: Lowest of ®N,,, ®N.,, ON,, ON,,,

Steel Strength of Anchor in Tension: ACI D.5.1

ON,, = O*n* Ay s

o=
Asac

fu=

ON,, =
N,=

psi
ibs

Ibs

ACI Egn (D-3)

Concrete Breakout Strength of Anchor in Tension: ACI D.5.2

ONep = O*An/Anco* Wogn™We, N Wep "Ny

ONcbg = O*Aq /. Amo'wac,u.w.diN'wc.N“pep.N'Nh

ACI Eq (D-4)
ACI Eq (D-5)

No= Ak VP (he) ™ OR Ny = A*16*VF (hey)™ If (11<h,e<25)

b= 07

ke = 24
Np = 19579 Ibs

Aes = 9*h,*
Aneo = 272 in?
Anc = 272 in?
Nep OF Newg = 24473 lbs
0.75®Ncb or 0.75@Ncbg = 12849 Ibs
N, = 0 Ibs

ACI Egn (D-6)

ACI Eqn (D-7) or (D-8)

Ween
wed.N

ch,N

1.00 Eqn (D-9)
1.00 Eqns (D-10 and D-11)
1.25 Section D.5.2.6

1.00 Does not apply to cast-in-
place anchors

(Projected area for a single anchor without edge distance considered)

(Proj. area for group of anchors with edge dist. considered: Not greater than n*A y, )
(Where washers are used, projected area is calculated per ACI 318-05 Section D.5.2.8.)
Strength of group of anchors

Concrete Pullout Strength of Anchor in Tension: ACI D.5.3

ONg, = W N,
Np= 8Agsf,

ABN =

®=

Np=

Wep=
0.75®Npn =
Ny=

PAproject.BO3\189\B3189012.00\Calcs\Active\Workshts\

0.65 in®

20928 Ibs
140 in
15382 Ibs

0 Ibs

AC! Eqn (D-14)
ACI Eqn (D-15)
From PCA Notes on ACI 318-05 Table 34-2

Strength of a single anchor in group
Demand of a single anchor in group

NCast in Anchor at High Roof CIP Walls - Appendix D.xlsx Cast-In-Place Anchors



Degenkolb Engineers

1300 Clay St, 9th Floor
‘ e g e n o Oakland, CA 94612-2047
A

Phone: 510.272.9040
Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 12.4.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D
Anchorage Condition:

Location: High Roof Cast in place anchor boit
Condition: In-plane Shear Connection: diaphragm to CIP walis
Loading: Shear parallel to panel edge

TENSION CAPACITY, cont.

Concrete Side-Face Blowout Strenqgth of a Headed Anchor in Tension: ACI D.5.4

ON,, = O*A*160*Cy VApgVf'c ACI Egn (D-17)
ONgog = O*(1+ 5/(6°Co)* Ny AC! Egn (D-18)
®= 0.70
Deep embed. close to edge in Y-dir? No "Yes" if ¢ ;1 <0.4h o
Deep embed. close to edge in X-dir? No “Yes"ifc,,<0.4h,
For anchor group , is $,<6*c,? Yes For blowout of group in Y-direction
For anchor group , is $,<6%c,,? Yes For blowout of group in X-direction
Does failure mode apply in either dir? No Failure mode applies if C _mn<0.4h o and if 8<6°c, (for group of anchors)
Edge distance factor for Ng,: 0.6 Factor applies for single anchor if ¢ y3 < 3¢ 4 where 1.0<=C y3/¢ 4, <=3.0 and C 41 =C a_min
Ng = N/A Ibs
Nypg = N/A Ibs (where N o, doesn not include edge distance factor)
0.750Nsb or 0.750Ncbg = N/A Ibs
N, = Ibs

SHEAR CAPACITY: Lowest of ®V,,, ®V,,, ®V,,

Steel Strength of Anchor in Shear: ACI D.6.1 (for headed boits)
DV, =0'N*0.6*A, AClI Eqn (D-20)
o= 1

A= 0334 in?
fa= 62000  psi
OV,= 12425 Ibs
V,= 1000 Ibs

P:\project. BON 89\B3189012.00\Calcs\Active\Workshts\ ICast in Anchor at High Roof CIP Walls - Appendix D.xlsx Cast-In-Place Anchors



AADegenkolb

Degenkolb Engineers

1300 Ciay St, sth Floor
Oakland, CA 94612-2047
Phone: §10.272.9040
Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 12.4.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D

Anchorage Condition:

Location: High Roof Cast in place anchor bolt
Condition: in-plane Shear Connection: diaphragm to CIP walls
Loading: Shear paraliel to panel edge

Concrete Breakout Strength of Anchor in Shear: ACI D.6.2

Note: Assume all load acts on back anchor, and check anchor group. See ACI 318-05 Fig. RD.6.2.1(b).

PV, = O'AVJAVW‘\P.,'V‘WC,V'V.,
ovcbq = o"Av:./Aw:o'“’or.-,v"'“m,v"”.:,v'vh
Vo= A7*(t/do) Vo ¥ o(Cr)

A, = (Based on geometry) SN*Ay,
Ayeo = 4.5'0.12
&= 1.00
b= 55 in
Wev= 1.4
Shear Breakout in Y-Direction:
Assume all load acts on back
anchor (check group);
Car = 12.00 in
V, = 23741 Ibs
Ay = 216 in?
Aveo = 648 in?
Weav= 1.00  Eqn (D-27) or (D-28)
Weew = 1.00  Egn(D-26)
Why= 1.73  Eqn(D-29)
Veog = 19189 Ibs
0.75®(Vcb_y or Vebg_y)= 14392 Ibs
V,= 1000 ibs

Shear Breakout in X-Direction:
Assume all load acts on back

anchor (check group):

Ce2= 8.00 in
Vp= 12923 lbs
Ay = 144 in?
AVco . 288 il‘l2
Weav= 1.00  Egn (D-27) or (D-28)
Weev= 1.00  Egn (D-26)
Why= 141 Egn(D-29)
Verg = 25586 Ibs
0.75®(Vcb_x or Vebhg_x)= 19189 Ibs
Vy= 1000 Ibs

P:\project. BO3\1 89\B3189012.00\Calcs\Acti:

ACI Eqn (D-21)

ACI Egn (D-22)

ACI Eqn (D-24)

ACI Egn (D-23): Proj. failure area in shear for group of anchors considering edge dist
Projected failure area in shear for a single anchor w/out considering edge dist

Load bearing length of anchor for shear, ACI Section D.6.2.2
ACI Section D.6.2.7

Assume load is distributed equally between (This case should not be

anchors (check front anchors): considered if anchors in
Cy = 12.00 in group are rigidly
Vp= 23741 Ibs connected 1o support)
Ay = 216 in?
Aveo = 648 in?
Weav= 1.00  Eqn(D-27) or (D-28)
Weev= 100 Egn (D-26)
Why= 1.73  Eqn(D-29)
Vewg = 19189 Ibs
0.75®(Vch_y or Vebg_y)= 14392 Ibs
V.= 1000 Ibs

(Capacities increased by 2 for loading parallel to edge per ACI Section D6.2.1)

Assume load is distributed equally between (This case should not be

anchors (check front anchors): considered if anchors in
Cao= 8.00 in group are rigidly
Ve= 12923 ibs connected to support)
Aye = 144 in?
Aveo= 288 in?
Weav= 1.00  Egn (D-27) or (D-26)
Weey= 1.00  Egn (D-26)
Why= 141 Egn(D-29)
Veg= 25586 Ibs
0.75@(Veb_x or Vehg_x)= 19189 Ibs
Vy= 1000 Ibs

NCast in Anchor at High Roof CIP Walls - Appendix D.xisx Cast-In-Place Anchors



Degenkolb Engineers

1300 Clay St, 9th Floor
4 egenko
y—¢ Phone: 510.272.9040
Fax: 510.272.9526

Subject: Precast Panel Connections Job Number: B31891012.00 Date: 124.13
Job: LLNL B341 By: Section:
Checked By: Page/of:

Anchorage to Concrete per ACI 318-08 Appendix D
Anchorage Condition:

Location: High Roof Cast in place anchor boit
Condition: In-plane Shear Connection: diaphragm to CIP walis
Loading: Shear paralle! to panel edge

SHEAR CAPACITY, cont.

Concrete Pryout Strength of Anchor in Shear: ACI D.6.3

DV, = O*Kp*Ney ACI Eqn (D-28); for single anchor
OVepg = O'Kep*Neog ACI Eqn (D-30); for group of anchors
Nep OF Nepg = 24473 |bs
d= 1.00
Kep= 2.00
0.75®Vcep or 0.750Vepg = 36710 Ibs
V.= 1000 Ibs

Vol OVo-[003]
Design Summary and Combined Loading Checks:

Summary of Tension D/C Ratios: Ductile Failure D/C Non-Ductile Failure D/C*
Steel Strength of Anchor in Tension: 0.00 0.00
Concrete Breakout Strength of Anchor in Tension: 0.00 0.00
Concrete Pullout Strength of Anchor in Tension: 0.00 0.00
Concrete Side-Face Blowout Strength of Anchor in Tension: N/A N/A
—_— —_—
max  0.00 max 000 <1.0,0K

Summary of Shear D/C Ratios:

Steel Strength of Anchor in Shear: 0.08 Ductile Failure Govems 0.20
Concrete Breakout Strength of Anchor in Shear: 0.07 0.17
Concrete Pryout Strength of Anchor in Shear: 0.03 0.07

max 0.08 <1.0,0K max 0.20

*Note: Where a ductile failure does not govem, ACI 318-08 Section D.3.3.6 requires that the design strength, determined in accordance with Section
D.3.3.3, must be muiltipled by a factor of 0.4.

Combined Loading Per AC} D.7:
Ductile Failure:

Combined D/C => Combined Effects need not be considered when either Tension or Shear D/C < 0.20
D/C =

Non-Ductile Failure:
Combined D/C => Combined Effects need not be considered when either Tension or Shear D/C < 0.20
D/C =

Check Minimum Edge Distances and Spacings Per AC| D.8:

Minimum Center to Center Spacing = 3.0in. ACID.8.1, 4d, for untorqued cast-in anchor
Check spacing in X-Direction: N/A
Check spacing in Y-Direction: N/A

Minimum Edge Distance = 2in. ACI D.8.2, Edge distance requirements based on cover requirements of ACI
Check edge dist in direction of shear force: Edge Dist OK 318-05 Section 7.7.

Check edge dist perpendicular to shear force: Edge Dist OK

Prproject.BO3\1 89\B3185012.00\Calcs\Active\Workshts\Increment I\Cast in Anchor at High Roof CIP Walls - Appendix D xlsx Cast-In-Place Anchors
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SectionCut ~ OutputCase F1L  F2  F3

LT A s eXty e e U et Kiphe ] KL WK |
Line C/2 Low Roof Collector BSE-1E-X 26.143  14.921 3.672
Line C/2 Low Roof Collector BSE-1E-Y 16.399  125.21 2.667
Line E/2 Low Roof Collector BSE-1E-X 71.533 15.745 3.617

Line E/2 Low Roof Collector BSE-1E-Y 57.36 1945 1.868
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~ SectionCut OutputCase  F1 _
Text Text  Kip Kip  Kip |
Line 2/E Low Roof Collector BSE-1E-X 124.154 18.952 1.04

Line 2/E Low Roof Collector BSE-1E-Y 98.923 60.849 0.482
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RIVETS

STANDARD BEAM CONNECTIONS %"
AMERICAN STANDARD BEAMS

WEIGHTS AND MINIMUM SPANS FOR
ALLOWABLE UNIFORM LOADS

Notes on page 152 apply in general.
For Channels use same standard connection as for American Standard Beam of same depth.

- g [ SR ;Y o HKK
Section | Gonnection | Connaction | Connection | Sestlen | Gonnection | Connection | Connection
5 1B Min.| S Min. Minlls | g Min.] B Min, Min.
ae| Wt Wt.isgan Wt n{Sym- | Wt igoaa iR | W Wt Wt ig S Wt |59an
8| Lb | 5 |Lb:|Feat| & | Lo Foan ol [ Lo, | et 3| o, 5| poan £ Lo Foet Bol | Lb. |&pan
24 1120 211 126 112160 [B3| 14| 84 ({K3] 20 KK3| 24 | 4.2
105.9 19.7 1.8 40.8 7.5 4.1
100 |B6| 34 |16.6 KKG6| 55| 9.9 35 6.51' 6.3 3.
90 156 93 3.8 7.6 6.0 4.484
79.9 14.6 8.8 -—
1035 B2{13; 7.3
20| 95 16.1 10.1 264 6.1
85 [B5]| 28 | 15.1 KK5| 46 | 94
75 127 791 823 |B2j13]| 4.0
65.4 11.8 7.4 18.4 3.6
181 70 |B4) 20 | 128 KK 4 644 7120 1B1} 7§ 60
54.7] 111 5.6 15.3 5.2
15§ 50 |B4| 20 8.1 K4| 28 KK 4 40 6 [17.25B1| 7| 44
42.9] 8.01 74 4.9 12,6 3.7
51147881 7| 30
10 25

{These spans are governed by wéb bearing or web shear.

STANDARD TWO-ANGLE CONNECTIONS ‘*B’" SERIES
B9 B7 B6 BS
ral e

e

2-B4x8%x 7 1 2-12 ax8Fx§ 2-8 8x4xd

‘*“B** Series B

-
o

Ty oy oo

8" spaoin,

. OB By, >

-
i

STANDARD TWO-ANGLE CONNECTIONS *‘K'° AND *“‘KK*'' SERIES

) ) K10 K9 KB K7 K6 K5 K4 K3
“K'' Series KK Series KK10 KK9 KKB8 KK7 KK6 KKB3 KK4 KK3
s s 55 v 9 ISP -y v T~ ey
i + 4 34l 44 9L : -01 . j’-' b l) £ +*o &4 4
g g 444+ +o- s 0# o g j +4 ¢ 4 -]
E 4 44-1H-+-+1 -4 4 'Y - ; +&- £ &5
g I} -[ L4 -] 441 Ho- 44 44 44 pY b
-y < res ALD- 40 A9~ o &4
= -+ -4+ 94 24 T =38
L -+ -+ *o 1% L€
g | 96 <%
St N8 34 = “Kgeries 2-1 Bx4xgk 2-18 Bx4xf
}?-ﬂ 5L Aways 2442 “KK'"Sertes 2-E 8x8x 1§ 2-8 6x6xF

AMERICAN INSTITUTE OF STEEL CONSTRUCTION
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Ag Degenkolb

Degenkolb Engineers

1300 Ciay Street, 9th Floor
Oakdand, Cakfomia

Subject: Diaphragm Bracing Checks Job Number: B3189012.00 Date: 11.20.13
Job: LLNL, B341 Increment | By: AMN Section:
Checked By:
>
Brace Properties
Fye = 44 ksi
Area
Section Per (k) {in2) mx {in)]  ry(in} ro {in) J (ind) H] length (ft) ki/ry|  Fe {ksi) Fery (ksi)] Ferz {ksi){ Fer (ksi)
2L4X3X1/4LLBB 65.3 3.38] 1.28 1.15 2.03 0.0772 0.71 10 104.3 26.3 21.8| 62.1 19.3
2L5X3-1/2X5/16LLBB 121.8 5.12 161 1.32 2.51 0.1766 0.68 9 81.8 42.8] 28.6 61.3 23.8
Bracing Member Checks
Buckling Brace
Capacity | BSE-1E-X | BSE-1-Y Buckling
Connection | Connection
SAP Element Frame Section Pcr (k}  |Pmax Pmax m-factor | DCRmax| Capacity (k) DCR
168 2L4X3X1/4LLBB 65 35 21 5.0 0.12 56.0] 0.69:
169 2L4X3X1/4LLBB 65 11 22 5.0 0.07 76.0 0.28
170 2L4X3X1/4LLBB 65 338 24 5.0] 0.12 56.0 0.69
171 2L4X3X1/4LLBB 65 13 28| 5.0] 0.09 76.0 0.37
172 2L4X3X1/4LLBB 65 32 19 5.0 0.10 56.0 0.58
173 21L4X3X1/4LLBB 65 6 17 5.0 0,05 76.0: 0.22
174 2L4X3X1/4LLBB 65 31 14 5.0 0.10 56.0] 0.56
175 2L4X3X1/4LLBB 65 7 21 5.0 0.06 76.0 0.28
180 2L4X3X1/4LLBB 65 16 30 5.0 0.09 76.0 0.39
181 214X3X1/4LLBB 65 33 56 5.0 0.17 56.0] 1.00
182 2L4X3X1/4LLBB 65 18 40 5.0 0,12 76.0) 0.52
183 2L4X3X1/4LLBB 65 19 81 5.0 0.25 56.0 1.44]
184 2L5X3-1/2X5/16LLBB 122 30 22 5.0 0.05 76.0 0.40
185 2L5X3-1/2X5/16LLBB 122 28 31 5.0, 0.0S] 76.0 0.40
186 2L5X3-1/2X5/16LLBB 122 34 28| 5.0] 0.06 76.0 045
187 2L5X3-1/2X5/16LLBB 122 41 16 5.0 0.07 76.0: 0.54
206 2L4X3X1/4LLBB 65 10 13 5.0 0.04 54.0 0.25
207 2L4X3X1/4LLBB 65 11 14 5.0] 0.04 54.0] 0.27
208 214X3X1/4LLBB 65 9 13 5.0] 0.04 54.0] 0.23
209 2L4X3X1/4LLBB 65 13 15 5.0 0.05 54.0] 0.28)
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Degenkolb Engineers

1300 Clay Street, 9th Floor
Qakland, California

Subject: Precast Panel - Out-of-plane strength (span check) Job Number: B3189012.00 Date: 12.3.13
Job: LLNL B341 increment | By: AMN Section:
Checked By:
Panel Horizontal Vertical| Check Span <| Check Span
Number Span (ft)]  Span (ft) 19'-2" <21'-5" : s

1 19.0 16.25 OK 0K 4 L
2 19.0 16.25 OK; OK F - % x s S = Il SRS S
3 19.0 16.25 OK oK ! }
4 19.0 16.25 oK oK E §
5 19.0 18.20 oK oK
6 19.0 18.20 oK OK  —
7 19.0 18.20 OK OK| o 1 T i
8 19.0 18.20 OK| oK &) wE %
9 19.0 18.20 oK, oK 1 < '
10 245 18.25 OK| OK o ¥
11 24.5 18.25 0K oK i i
12 45.0 21.25 NO OK
13 45.0 20.75 NO| OK
14 45.0 20.58 NO oK B 4 & feecll
15 19.0 N/A 0K oK
16 19.0 10.50 OK| oK 5 @ G -
17 19.0 20.25 oK oK
18 19.0 20.25 OK| OK
19 19.0 20.25 0K| OK
20 19.0 20.25 0K| OK
21 19.0 20.25 OK 0K
22 19.0 20.25 OK OK
23 19.0 20.25 OK OK
24 19.0 10.50 OK OK
25 45.0 20.58 NO OK
26 45.0 20.75 NO OK
27 45.0 21.25 NO OK
28 24,5 18.25 OK OK
29 24.5 18.25 OK| oK
30 14.0 22.00 OK OK
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.‘; Degenkolb

Degenkolb Engineers
1300 Clay Street, 9th Floor

Oakland, California

Subject: Precast Panel - Out-of-plane Ancorage Job Number: B3189012.00 Date: 12.3.13
Job: LLNL B341 Increment | By: AMN Section:
Checked By:
Fp= 77 psf Beam Connection Capacity = 41 kips
Column Connection Capacity = 3.8 kips
Vertical Horizontal Beam
Panel Horizontal | Vertical Trib Insert Insert Tension Demand | Tension Demand at [Col. Anchorage| Anchorage
Number [Trib Width(ft)| Width (ft) | Spacing (ft) | Spacing (ft) | at Col Anchorage | Beam Anchorage DCR DCR

1 10.0 N/A 3 3 2.3 N/A 0.61 N/A
2 10.0 N/A 3 3 2.3 N/A 0.61 N/A
3 10.0 N/A 3 3 2.3 N/A 0.61 N/A
4 10.0 N/A 3 3 2.3 N/A 0.61 N/A
5 10.0 N/A 3 3 2.3 N/A 0.61 N/A
6 10.0 N/A 3 3 2.3 N/A 0.61 N/A
7 10.0 N/A 3 3 2.3 N/A 0.61 N/A
8 10.0 N/A 3 3 2.3 N/A 0.61 N/A
9 10.0 N/A 3 3 2.3 N/A 0.61 N/A
10 N/A 12.50 3 3 N/A 2.9 N/A 0.70
11 N/A 12.50 3 3 N/A 2.9 N/A 0.70
12 N/A 12.50 3 3 N/A 2.9 N/A 0.70
13 N/A 12.50 3 3 N/A 2.9 N/A 0.70
14 N/A 12.50 3 3 N/A 2.9 N/A 0.70
15 10.0 N/A 3 3 2.3 N/A 0.61 N/A
16 10.0 10.50 3 3 2.3 2.4 0.61 0.59
17 N/A 10.13 3 3 N/A 2.3 N/A 0.57
18 N/A 10.13 3 3 N/A 2.3 N/A 0.57
19 N/A 10.13 3 3 N/A 2.3 N/A 0.57
20 N/A 10.13 3 3 N/A 2.3 N/A 0.57
21 N/A 10.13 3 3 N/A 2.3 N/A 0.57
22 N/A 10.13 3 3 N/A 2.3 N/A 0.57
23 N/A 10.13 3 3 N/A 2.3 N/A 0.57
24 10.0 10.50 3 3 2.3 2.4 0.61 0.59
25 N/A 12.50 3 3 N/A 2.9 N/A 0.70
26 N/A 12.50 3 3 N/A 2.9 N/A 0.70
27 N/A 12.50 3 3 N/A 2.9 N/A 0.70
28 N/A 16.00 3 3 N/A 3.7 N/A 0.90
29 N/A 16.00 3 3 N/A 3.7 N/A 0.90
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